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PROP-I: AN EFFICIENT IMPLICIT ALGORITHM FOR CALCULATING NONLINEAR
SCALAR WAVE PROPAGATION IN THE FRESNEL APPROXIMATION

1. INTRODUCTION

This report develops in detail an algorithm for rapidly advancing the solution of the
parabolic equation that describes the propagation of an intense laser beam in an absorbing
medium. The heating of the medium by laser radiation causes the index of refraction to
change; this in turn modifies the propagation of the beam. A steady wind, with or with-
out beam-sluing, is assumed to sweep out the heated air, leading to a steady state. The
relevant equations were derived in a previous report (1) in which it was shown that scalar
wave theory in the Fresnel approximation, together with linearized hydrodynamics, pro-
vide very good approximations for the parameters of interest to the Navy and lead to the
parabolic partial differential equation for the complex amplitude. It is assumed that the
reader of this report is familiar with Secs. I and II of the earlier report, which describes
the physics of the problem.

Section 2 of this report gives a new set of transformations of the partial differential
equation. This set is similar to the set employed successfully in a pulsed-beam computer
program (2). In Sec. 3 the implicit algorithm that replaces the explicit algorithm of
Ref. 1 is derived. Section 4 is devoted to two distinct discretization schemes for the co-
ordinates transverse to the propagation direction. Section 5 discusses boundary values.
Section 6 is a “handbook” for use of the program. A flowchart and Fortran listings are
presented in Appendix A.

2. TRANSFORMATIONS OF THE PARTIAL DIFFERENTIAL EQUATION

The starting point is Eq. (1) of Ref. 1:

a B
2ik —;’;9 + viyo + R2(n2-1) Yo = O 1)

where

Yo is the scalar wave amplitude of the light beam, k = 27/\, (A = wavelength of the
light beam)

z is the propagation direction
Vf = 92/0x2 + 32/9y2 is the Laplacfan in transverse coordinates

n is the index of refraction of the medium (r =1 in vacuum).

Note: Manuscript submitted December 14, 1973,
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Define x = x/a, y = y/a, and { = z/ka2, where ¢ is a scale length associated with the
transverse beam size at z = 0. Then, if Y1 (%, ¥, $) = Yo(x, v, 2), Eq. (1) becomes

2ia—a‘p§1— + TPy + k2a2(n2-1)y; = 0. (2)

Introduce a phase and scale change to remove the oscillations and amplitude growth
of a focused Gaussian beam in vacuum:

x2 + 32 9

¢’2(5€.,ya §) = VD(Z) exp[_i —-2—- —a—§ lnD1/2 - itan‘l (El—_gz.-/?)}\bl(g—c’y’ §)

where

DE) = ¢2 + (1-¢/H?

f = flka?,
so that
By | —p, B2+ 32 8 . e e\, 2
2i a§,+lep2— D2 l[/2+218§_lnD xao_é+yay>+D1//2

+k2a2(n2 - 1) Yg = O.
3)

The transverse coordinates are made to follow the vacuum trajectories of the focused
beam by the transformation

35’ = 3_‘:/\/1_)—’ y = S'—/\/E_9 ll/3(9?,y, §) = llfz(f,?, §)’

so that
d -~ '55‘2 2
2 248 +% Vs - ?

% Vs + = Y3 + K22(n2-1)ys = 0. (@)

+
D
The factors of 1/D can be removed with the transformation dZ/d§ = 1/D, which for equal

steps in the new variable Z, gives smaller steps near the focus for the variable ¢. Then,
defining d/4(’fa ’5;’ z)= \1/3(3\5‘, ¥,$), Eq. (4) becomes

0 ~
2i L+ Ty - G2+52-2) Yy + Dh22(n2 - 1)y = 0. (5)
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3. IMPLICIT ALGORITHM FOR Z-INTEGRATION

Following Herrmann and Bradley (3), define

g®,7,2) = % + 52 - 2 - k2a2D(Z)(n% - 1)
and let

. Z
‘,1/4(35,3", Z) = q)(%”ys Z) €xp I:—lz- J‘ ga7§’z') dZ':I
Zo

where Z is a constant. Let

1 Z
rey.o =3[ s@yz)az.
Zo

Then Eq. (5) becomes

2i % + HZ)® = 0 (6)

where the operator H is defined to be
H(Z) = eT'V}e T,

The specification of H(Z) for numerical work is now required. Equation (6) is a non-
linear partial differential equation which is first order in Z. A difference scheme solu-
tion will be built up from elementary steps that create new values of the dependent variable
® on a plane Z, = constant from known values on aplane Z,— AZ. If AZ is small enough
(this will be made explicit below), it is virtually immaterial where H(Z) is defined to oper-
ate in the interval [Z, — AZ, Z,]. Various essentially equivalent schemes can be designed
by specification of the plane where H(Z) is chosen to operate (the different schemes may
vary in accuracy, however). For reasons which become apparent below, H(Z) is selected

to operate midway between the two planes. Thus, wherever Z appears explicitly in H(Z),

it is replaced by Z, — AZ/2, so that H becomes

i - eiI‘(ZC—AZ/Z)'ﬁfe—iF(Zc—AZ/z)'

In addition, the lower limit Zg in I'(Z) is still free to be chosen. The choice Zy = Z,
~AZ/[2 is made as well. Then H becomes

H= 9%,
so that Eq. (6) is now
0D | a0 ‘
2l'52+vl‘1>=0. (7)
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Note that Z; is redefined at each step, AZ. Thus, the complete module for the iterative
construction of a solution to the problem consists of three steps:

1. Given data Y4 (X, %, Z1) on some plane Z; = constant, form the dependent
variable ®(X,%, Z;) by the phase change

R Zq
‘I’(f’?',':;", Zl) = ¢4(§','5", Zl) eXP[é f g(£’§9 Z’)dZ':I .
Z1+AZ]2

2. Solve for ®(x,y, Z9) where Z9 = Zy + AZ, using a difference scheme for
Eq. (7).

3. Recreate the dependent variable {4, now at the new plane Z9 = constant by
the inverse phase transformation

. 2y

\04(&"3;’Z2) = q)(-%:’;;,ZZ) €xXp [_é f 3(5,3"’ Z')dz':l .
Z1+AZ]2

This completes the elementary sequence. For implicit schemes, Eq. (7) is self-starting and
needs only two planes of data, instead of three as required by the algorithm of Ref. 1.
The value of I'(Z) is nonzero even in vacuum because of the X2 + ¥2 — 2 term in g(%,7, Z).
Above it was stated that AZ must be ‘“‘small enough”; this translates into a restriction that
the phase change 0.5 [ gdZ' per step AZ be small (for example, <0.5 rad).

Since the operator H is separable as
H = H, + Hy, = 3%/3%% + 3%/352,

the alternating-direction implicit (ADI) algorithm (4) can be used. The advancement in Z
goes in pairs. Given ®(Z,) = ®(nAZ),n=0,1, 2, ..., Ny (where NfAZ is the range for
which the solution is desired) the first step is explicit in y and implicit in x;

 D(Zp+1) - D(Zn)

2i AZ = ~Hy®(Zn+1) -~ Hy®(Zy).

The second step is implicit in y and explicit in x;

; Znr2) = B(Ens1) _

2 AZ

'“Hx(p(Zn+1) - qu’(Zn+2) .

These two steps can be written as

(1—i—Az£Hx> ®pey = (1+i%Z—Hy> o, (8)
and
(- i 82 Ry) @nes = (10 BE 1) @ (©)
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where Eq. (8) is completely solved before Eq. (9) and ®,, = #(Z,). This algorithm is
attractive for two reasons: (a) It is absolutely stable (4) for any choice of step size AZ.
(There are accuracy limitations (3) on AZ, however.) (b) The matrixes which are to be
inverted at each step are band-diagonal for the conventional choices of transverse discreti-
zation (this will become evident below) and are thus rapidly inverted.

4. TRANSVERSE DISCRETIZATION

Two methods have been used to represent the transverse Laplacfan in Eq. (7): (a) The

central difference approximation, and (b) the Galerkin method (5) with a linear spline
basis.
4.1. Central Difference Approximation (CDA)
This employs the conventional replacement of derivatives by differences (1), so that
DX + AX,Y, Z) - 20(X,y,Z) + ®(E - AX,Y, Z)
(A%)?

Hy®@,7,2) =

and
- ‘I’(%y"”AV,Z) - Z(I)(OAC',’&’,Z) + ‘I’(f,’s"_AS",Z)
(A9)?

qu:'(-"’?, 3"1 Z)

With the introduction of the notation

D (RA%, mAY, nAZ)

¢,m »

.4z Az
28%)2° 7 2(Ay)?

Ny
Equations (8) and (9) become

(1+ Zinx)qsgfml - i'nx¢g:11,m - inx¢6t%,m =1~ 2iny) ¢3,m + iny¢;ll,m+1 + iny¢r21,m-1

(10)
and
1+ 2iny)¢;ll,+rr? - iny¢€fn?+1 - inyq)fll;nz—l =(1- zmx)d’ﬁfn} + inx¢'é:11,m + inx¢6t11,m'
(11)

Solution of these equations requires that the matrix of the coefficients of the de-
pendent variables on the left-hand sides be inverted. The matrix is tridiagonal (nonzero
entries only on the diagonal and above and below) so that the solution can be rapidly
achieved by single-pass Gaussian elimination (6).

AITITSSVIONN
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4.2 Galerkin Method

After discretization in Z, Eq. (7) is a set of partial differential equations in the two
transverse variables, Write the set as L(®) = 0, where L is a differential operator in two
variables and @ is a vector whose components are the transformed field amplitudes on
the Z plane from which the solution is proceeding. An approximate solution in the form

m
Bi(x,y) = ) Ci®i(x,y)
i=1

is sought, where ®;(x, y), i =1, ..., m is a system of linearly independent functions satis-
fying the same boundary conditions as ®(x, y). The {®;} represents a subset of a set of
functions complete in the region D where a solution is sought. The coefficients C; are
determined by m conditions of orthogonality

f f L(®)®;dxdy = 0
D

or
HL<i Cf<1>f(x,y)> ®;(x,y)dxdy = 0.
D j=1

Because of the separability of the operator H(Z) = Hy + Hy, the functions ®;(x, y)
can be written as products of basis functions in each variable. Thus a decomposition of
the form

(x,y) = ) Si®)Si(»)CT; (12)
i,J

is taken to approximate the fields at each plane Z = nAZ. The basis functions S;(x) are
the linear spline functions defined by

Si(x) = 0, x < xi-1, X Z Xi+1. (13)

The behavior in the intervals x;-1 < x < x; and x; < x < x;41 is determined by the re-
quirement that
d?8i(x)
—) =0 14
) (14)
except at mesh points.

The Galerkin method is now applied to Eqgs. (8) and (9). If Eq. (12) is substituted
into Eq. (8) and an integration is done over the transverse coordinates, then
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L ofy’ [[ asay su1smin (1 - # BF #1) 165109

=2 ”f dxdy Sp(x) S () (1 i AZ—ZHy> Si®)Si). - (15)
i
Define
(5150 = [ de Sp)Sitx) (16)
and
[Hel; g = [ dx So(w) HeSitx),

so that Eq. (15) becomes

Z c"”{[sx 1iolSyl; = i [Hx],-,gtsyl,.,m}

Cii {[Sx]i,Q[Sy] jym *i %Z- [Hyl; m [le,-,g} 1

i,J
or, in matrix notation,
{sxxsy - ATZ Hxxsy}c'”l = {sxxsy + i 5‘—25 SxXHy} cr

operate with S;l X Sy_l‘to get

{s;lsxx 1~ i &2 s7'H, X 1} cr+l = {IX 518y + i &2 Ix s‘lH‘l} cr (18)

where [ is the unit matrix. Since the S and H matrixes will be shown to be of the band-
diagonal form with elements

+N
Z bnﬁi,k+n
n=~-N
(see Egs. (22) and (23), below), it follows that S;leSx = H,. Thus, Eq. (18) becomes

{sx I —Aéé HxXI} slcrtt = {IX Sy + i Azz Ix Hy} sj'cr.  (9)

The g, p element is

QATITSSYTIONND
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{[sxlq p,i i B [Hxlq,,-ap,j}; (5311, CF 5

S,

{ 0ilSyl, ; + i BE byl ylp,}Z 18,11, oCly. (20)

l,]

The matrix elements are derived by solving Eq. (14) for the S;(x) using the boundary
conditions in Eq. (13). For uniform mesh spacing Ax the result is

; — X
S;(x) = le Xi-1 € x < x;
Xi - X
Si(x) = % X < % < Xisp. (21)

The integrations in Eq. (16) can now be performed to give

* 2 1 1
[Sx]; ; = f dx Si(x) Sj(x) = Ax (g bij + g di,j+1 * 3 5i,j-1) (22)

and

dx dx

28i,j = 8ij+1 — & j—l)
-A ( ’ . : . 23
x (Bn)? (23)

® g, dS;
[Hx]i,j = f de,(x) S](x) f dx D1 7

After Egs. (22) and (23) are inserted in Eq. (20) (and the equivalent equation for
the second half of the ADI scheme), the sums are performed to give

1 , 2 1 .
(E - znx> CR <3 + 2mx) ()’ + (‘g - mx) ()psip

1, . 2 .. 1, .
B (E * ’"y>(°‘y)3,p—1. * (3_ 2my>(ay)g,p ¥ (3 ¥ my) @) (2

and

1 . 2 1
(E - my> (@y)g p-1 * <3 + 2zny> (o¢y)'1+2 ('6 - my) (ay)"‘;zﬂ

1, . 1 2 1 Ly !
(5 m @ity (3 2ime) @i (T i @it 09

where
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@), = 2. 8311, 4Ck, (26)
Q
and
(@) p = 2. [8571,0C (27)
Q

and n,, and 7y are defined just prior to Eq. (10). Equations (24) and (25) should be
compared with Egs. (10) and (11) for the CDA transverse discretization. Note that the
algorithm is now in terms of coefficients (o, ,y)g, p inverse to the coefficients Cg, p- Thus,
two additional steps are required in the elementary sequence described in Sec. 3. After
the fields ® (X, ¥, z) are formed they are identified with the coefficients Cg, p from Eq.
(12), since the solution is sought and data are sampled only at mesh points. Then the «
coefficients are formed via Eqgs. (26) and (27). This proceeds rapidly, however, since the
S matrices are tridiagonal and rapidly inverted. After the new «’s are determined by the
algorithm of Eq. (24) or (25) the C’s are reconstructed by, for example,

cr, = ; [Sx1, o (@)§

using Eq. (22). Again, the identification of the new fields ® (X, ¥, z) is made with the
new C coefficients at mesh points so that the fields Y4 can be reconstructed with the
inverse phase change ~0.5 f gdz', as described in Sec. 3.

5. BOUNDARY VALUES

The problem has a line of symmetry for x = 0, y = (-0, +o0), that is, for the wind
along the y axis. The other boundaries are at y = +o0, all x; y = —o0, all x; and x = +oo,
all y. Hence, we have nine regions, each of which must be handled differently. These
are listed in Table 1 and depicted in Fig. 1. These regions are identified in the Fortran
listing of subroutine ADVANCE (see Appendix),

Table 1
Nature of Regions Handled by PROP-I
Subscripts
Region Nature
I J
I 2, NX-1 2, NY-1 No boundary, no symmetry
II 1 2,NY-1 | xsymmetry
III NX 2,NY-1 | x boundary (+)
v 2, NX-1 1 y boundary (—o°)
\'/ 2, NX-1 NY y boundary (+0)
VI 1 1 x symmetry, y boundary (—<°)
VII 1 NY x symmetry, ¥ boundary (+<°)
VIII NX NY x boundary (+°), y boundary (+o°)
IX NX 1 x boundary (+<0),y boundary (—<°)

9
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I= ] I=NX

J=NX Y=+e J=NX
¥ X piig
I I I

X=0 X=4®

pras hv'd X

I=) . I=NX

Je=i y=-© J=1

Fig. 1—Nine regions handled by program PROP-I

6. DESCRIPTION OF PROP-I

The main program begins with a brief description of the objective of the program
itself. Further comment cards define the physical, mathematical, or numerical significance
of the Fortran names ascribed to the variables. Other definitions and units are listed in
Subroutine INPUT (see below). Since the comment cards in the listing provide very terse
definitions of the quantities involved, these are amplified in some measure here.

6.1. Common Arrays

In the computation, at each Z-plane, the values of various quantities at each point
in the grid spanning the area fransverse to the beam are stored in common arrays. These
arrays are

CC: This array indicates changes in the index of refraction, that is, the value of the
entire coefficient of Y4 in the nonlinear term of Eq. (5). (See Subroutine INDEX in the
appended Fortran listings.)

PLTGSN: This array calculates the parameter N of Gebhardt and Smith (7).

PLTRAT: This array stores the ratio of the average intensity inside the isophote of
the bloomed beam to that of the vacuum beam multiplied by the absorption factor a=¢Z,
Isophote u is that contour whose irradiance is the peak irradiance of the beam multiplied
by w; u here is taken to be 0.2, 0.5, and 0.8. These values are plotted at the conclusion
of the calculation (see Graph 2) but printed out in tabular form at select ranges. (See
Subroutine OUTPUT and Subroutine Graph 2 in the Fortran listings.)

U, V: y&5,2) = u®5,2) + &7, 2).
10
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6.2. Common Variables and Constants

D: D = _z2 + [1 —- 22
: (2) = k2a04 ( —f'> .

FOCUS: +/D.

HZ: The program equivalent of AZ.

HX: The program equivalent of AX.

HY: The program equivalent of AY.

IMAX and JMAX: Indexes (I, J) label the points in the arrays transverse to the
beam axis. I=1,2,..., NX+1,J=1, 2,..., NY + 1; (IMAX, JMAX) locates the point
in the grid at which the beam intensity reaches its peak.

NOUT: If NOUT = 1, the program will abort when |ff do?d?llblz - 1| < ECHNG; see
INPUT for ECHNG. If NOUT # 1, this option is not exercised, and the program will
continue to compute even though this relation ceases to be satisfied.

SUM: Pe~%z ([ d%dy|y|? = total integrated intensity at z.

WIDTH: The quantity ag.

W2: The quantity aoz.

ZETA: The quantity z/kaoz.

Items listed in the main program but not discussed here are regarded as self-evident.

6.3. Subroutines

The main program functions as an executive routine, the detailed computations
being relegated to subroutines. Iteration in the Z variable is also done within the main
program as well as tests on whether or not energy is conserved to within prescribed tol-
erances (see NOUT, above).

Subroutine INPUT: This subroutine reads the input data cards; this listing contains
comment cards that explain the entries. Some added comments are appropriate here.

HX and HY correspond to AX¥ and Ay. For Gaussian beams, HX, HY ~ 0.18 have
been found to be adequate for distortions that are not too severe; in the latter case,
more mesh points are needed (that is, larger NX, NY and, often, concomitantly
smaller values of HX and HY).

KQMAX determines the number of times detailed information on I,e}, {I;e1),, etc.,
are printed.

11
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LPLOT: Group plotting means that the isoirradiance contour plots for six ranges
will be plotted on one sheet of plotting paper, to the same scale. Where many runs
are being done, this is a space-saving device. Sequential plotting means that the con-
tour plots (and others) are each plotted separately.

NFOCUS: When sequential plotting is used, plotting may be done at all ranges on
the same scale as at the aperture (nonfocused plotting) or magnified (focused
plotting).

ZT: For Z > ZT, the absorption coefficient is set equal to zero. This is useful for
comparisons with experiment and for theoretical study.

DIAM: DIAM = 2/2q is regarded as the diameter of the optics (even for an
infinite Gaussian beam). This is a definition, otherwise, of ag as it appears in the
theory.

THETA: For beams in atmosphere not parallel to the surface; read in degrees. (Ap-
propriate calculations of atmospheric variables as a function of altitude must be
added to Subroutine UPDATZ (see below) to use this angle.)

WN =k = 27/A.

Since the determination of the absorption coefficient through the specification of

P, PH20, and T by the code (see AHV and Subroutine SETUP) is not always con-
venient or appropriate, a set of options are allowed. These are provided for on Card 5
when the quantities §, 7 connected with kinetic cooling in CO, laser beams, total
absorption coefficient «, and dimensionless constant § may be separately specified,
replacing those calculated by the code from data on Cards 1-4.

INPUT: Prints the input data.
Subroutine SETUP: See listing.

Subroutine INITL: This subroutine calculates the real and imaginary part of the
beam amplitude at the aperture (Z = 0) for each point in the grid and stores the values
in the appropriate array. This subroutine needs the initial beam data provided by Sub-
routine VACAMP.

Subroutine VACAMP: This subroutine computes the vacuum beam everywhere; in
particular it is called upon by Subroutine INITL to set up the boundary conditions for
the problem. In addition, while Subroutine INTENS does not explicitly call upon Sub-
routine VACAMP for calculating the quantity VACINT, which is the intensity of the
vacuum beam corrected for absorption, it should be noted that in the present listing, Sub-
routine VACAMP and the computations for the table CONMIN assume the vacuum beam
to be Gaussian. For a non-Gaussian beam, the formula for U and V must be changed ac-
cordingly, or the entries be provided for in a table. In the latter case, the CONMIN table
should be removed, since it becomes meaningless, or corrected, if the vacuum beam at
non-zero values of Z is determined analytically.

12
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Subroutine ADVANCE: This is the ADI method, using CDA transverse discretization,
if NDIF = 0, otherwise the Galerkin method with linear splines.

Subroutine UPDATZ: See listing for comment cards.

Subroutine BOUNDS: Assign boundary values to U and V at the edges of the grid;
these are taken to be zero, except downwind. When the beam is sufficiently weak at
the boundaries, the calculation is insensitive to assigning boundary values of zero.

Subroutine SHIFT: See listing.

Subroutine FOLLOW: This subroutine displaces the values in the arrays for U and
V and intensity so as to keep the peak intensity point in the beam in the center of
the grid.

CAUTION: This subroutine is incorrect when an array has an explicit depend-
ence on the variable Y; this case occurs when kinetic cooling is present, that is,
6 # 0, T+ 0. However, it has been determined experimentally that 7 is
substantially smaller than had been thought (8). Therefore, for CO, laser
beams, 6 has been consistently put equal to zero; for beams other than COg,
the kinetic cooling theory is inappropriate anyway, so again § is set equal to
zero. The subroutine, under these conditions, correctly shifts the arrays.

Subroutine INTENS: See comment cards in listing. Subroutine ITENS also prints
the array that compares intensities averaged over isoirradiance contours with the corre-
sponding vacuum beam quantities, the areas of these regions, etc. (See comments, above,
in Subroutine VACAMP.)

Subroutines GRAPH 1, GRAPH 2, TOPOGRAF, INFORMAT: See listing for
comments,

This program has been written to be used on the CDC 3800 at the Naval Research
Laboratory. The last four subroutines call upon software that will vary with the installation.

7. CONCLUSIONS

This report has presented in detail the development of an algorithm to advance
rapidly the solution of a partial differential equation which describes intense laser light
propagation in an absorbing medium. Two separate discretization schemes were discussed:
Central differencing and a Galerkin method with linear spline basis functions. The two
methods give essentially equivalent results for a wide range of cases of interest. The
Galerkin method has, in addition, the inherent ability to handle strong discontinuities in
the transverse distribution of the irradiance, such as would be produced by an aperture.
The effect of the Galerkin method with splines is to smooth out high frequency contri-
butions which tend to be amplified in the central difference approximation.
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PROGRAM PROP |

(ISR E R SRR R SRR R RS RE RN R RS R RS RN RS R SRR FS YRS SRR R RN 2R 2

s XeleBsEslesEaNesRa oo Ns oo Re o Neo e e Re )

g ] s EsEeRoReRaNeRe oo RaRe e NN ]

s BeRs e NeNoNe Ne Ral

PROGHAM PRQP 1S A TRREE DIMENS]ONAL, TIME INDEPENDENT

CODE DESCRIBING THE STEADY STATE PROPAGATION OF HIGH

INTENSITY) UNPBLARIZEL VOBNOCHREMATIC LIGHT IN A GASEOGUS

MEDIUM IN WHICH A WIND 1S PRESENT, THE REAM CAN BE INITIALLY
FOCUSSED OR CAN BE LAULNCHED FARALLEL TO THE 2 AXIS

THE INTENSITY ©F THE LIGHY BEAM IS GREAT ENGUGH TO AlLe

TER THE DENSITY €F THE GAS ThHRGUGK DIRECT HEATING AND THROUGH
COOLING BY MEANS GF THE VIBRAT]GNAL=TRANSLATIONAL TIME LAG, THWE
ALTERED DENSITY IMPLIES A CWANGE OF [NDEX ©F REFRACTIGN WHICH-

IN TURN ALTERS THE LIGHTY PATH SINCE THE INDEX APPEARS AS A FACT@GR
IN THE WAVE EQUATIGN, FLURTHERMGRE, SINCE THE INTENSITY DEPENDS @N
THE SQUARE GF THE LIGFT AMPLITUDE, THE PROBLEM 1S NONeLINEAR,

THE APPRUPRIATE ECUATIEN 1S THE SCALAR HELMHOLYZ EQUATIGN TOGEs-
THER WITH THE PARAXIAL (FRESNEL) APPROXIMATIGN WHICH STATES

THAT THE SECEND DERIVATIVE EF THE AMPL]TUDE WITWH RESPECT T8 Z

IS MUCH LESS THAN WAVE AUMBER TIMES FIRSY DERIVATIVE WITH

RESPECT 70 Z, THE RESULTING EGUATION IS PARABOLIC AND 1S THEREe
FORE UNIGUELY SOLVEL EY INITIAL DATA AT THE SOURCE PLANE, HWENCE
A MARCHING TECHNIGCUE 1S USEC T€ PRGCEED FR@M Z=0 TO DISTANCES

€F INTEREST (1 T€ 10 KILOMETERS)

CEMMGN ARRAYS

ce INDEX GF REFRACTI®N CHANGES

FORM1 FRINTING STATEMENT F@RMATS

FORMZ FRINTING STATEMENT FQRMATS .

PLTRAT  RATIES €F INTENSITY TO VACUUM INTENSITY FOR PL@TTING

al INTENSITY IN A TRANSVERSE PLANE AS A FUNCTION @F
X1 ANE ETA

QUMAX BEAM CEFLECTIEMNS

GAMAX MAXIMLM INTENSITY VALUES

TENS INTEGRATEL INTENSITY = CALGULATED AT EACH STEP

0,V REAL, IMAGINARY PARTS OF THE AMPLITUDE

XT 2 VALLES FOR PLETTING GF TENS (IN KILGMETERS)

21 POINTS AT WKICH INTENSITY RATIOS ARE CALCULATED

Y POINTS AT WHKICH INTENSITY MAXIMA AND DEFLECTIONS

ARE CALCULATED ,pepvre,)IN KILOMETERS

CEMMEN VARIABLES AND CENSTANTS GENERATED BY THE PROGRAM

AAA = INTEGRATIEN FACTOR, =HZ/(HXwHX)/16

ALFCON = STORES INITIAL VALUE BF ALPHA _
ALFSUM = LOCATIGON FBR ALPHAINTEGRAT]IAGN SUMMING DURING ZsITERAT]GNS
BBB z INTEGRATIEN FACTOR, =HZ/(HYsHY)/16

BETAZ = SAVES INITIAL VALUE E€F BETA

CZER® = STQRES INITIAL VALUE BF C

DCD = INTEGRATIEN FACTOR, =HZI/HX/16

EEE = INTEGRATIEN FACTOR, =HZ/HY/46

FECUS = FACTER FER SHRIAKING CCERDINATE SYSTEM

17
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HZV = STORES IMITIAL RZ VALUE
IMAX AND JMAX =z INCICES &F LARGESTY QI(I,J)s (PEAK INTENSITY)

1¢ = INDEX FOR IANTENSITY MAXIMUM (QQMAX)

17 = INDEX FOR TETAL INTEGRATED INTENSITY (TENS)
JCMAX = JrINLEX @F LARGESY GI(NX,J) FOR GIVEN NX
JMAX (SEE IMAX)

Ky = COUNTER TE BE TESTEL FER SKIPPING PLETS
KKMAX = NUMBER GF STEFS BETWEEN MAXIMUM INTENSITY CALCULATIONS
KP = COUNTER FER INTENSITY MAXIMUM CALCULATION
NNPLBT = NUMBER OF STEPS BETWEEN PLGTS

NEUT = ENERGY ABERT FLAG

NX1 = NUMBER OF CELLS IN X=DIRECTIGN

AX2 = CENTRAL MESE FOINT IN X-DIRECTION

NXY = COUNTS CALL TE T@PGGRAF

NYy 2 NUMBER OF CELLS IN YapIRECTI®N

NY2 = CENTRAL MESk FOINT IN YerDIRECTION

Pl s 3,1418926

PLTCAL = uxvss PARAMETER PRINTAUT ON 1ST TOPOGRAF PLOT
REZER® = STORES INITIAL VALUE OF RO

SUM = TOTAL INTEGRATEL INTENSITY

SLUML = SAVES INITIAL SLM FER SUM2 CALULATION

TEMP = AMBIENT TEMFERATURE IN DEGREES CENTIGRADE
WIDTH = INITIAL RADIUS

W2 = INITIAL RADIUS SQLARED

2 = DISTANCE ALENG BEAM PATH IN KILOMETERS

22 = DISTANCE ALENG BEAM PATH (IN PROGRAM UNITS)

CEMMEN 71/ CC(61461),01(61,61),U(61,61,2),V(61:61,2)

CEMMBN /2/ rcRM1(2).F@RM2(2) PLTRAT(QOO.B) GJUMAX(200),0GMAX(200),
1 214200)2ZM(200)

CEMMEN /SINGLS/ AAA,ALFCEN,ALFSUM,ALPHA,BBB,BETA,BETAZ,C,CZERG,D,
4 CDD,DELTA,DIAM, ECFNC EEE, F FL, Fecus GAMMA HX HY,HZ,HZV, HZx sz,
2 IMAX 10,17, JCMAX,.MAX, Ky, KKMAX,KP KQMAX,LPLOT,NALPH,NBETA,
3 NC@NS NDEL NLIF NNPLOT, A@LT,uPL@T.NSTEP;NTAU,Nx.le.Nxz;

4 hXY,NY,NYl.NYQ,@MEGA.P,FHZG.PI.PLTCAL.PGWER.QMAX,REFRAC.R@.R@ZER@
5 4STARTT,STOPP,SUM,SUM1, TAL,TEMP THETA,VZERQ,W2,WIDTH, WN,Z,2ETA,

6 27,22

CEMMAN/NNN/NFECUS

BANK, (0?2, 71/

CALL INPUT
CALL SETUP
CALL INITL (1)
CALL INTENS
TEST F@OR VACULM RULA
IF (BETA,EQ,0) GO 1O 1
GE 76 4
1 PLTCAL=Z
PRINT 2
2 FERMAT (21W1TKIS IS & VACULM RUN )
ALPHAZ0,0
pe 3 [=1,NX
pe 3 J.leY
3 CCtI,J) =0
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4 CALL QUTPUT (1,0+1)

KP=KP=1 ,
REGIN ITERATIENS 1IN 7

DEFL=0,

0GM=0,

DE 8 JJS1,NSTEP
NMBD=JJd= ((JJw1) /2082

CEUNT NUMBER EF ITERATIGNS BETWEEN PLOTS WHILE IN PLOTTING AREA
1F (STARTT,LE,Z 4AND,Z LE,STEPP) KJ=KJs1

KPzKP+1

FER FINAL Z FERCE FLET AAD MAXIMUM INTENSITY CALCULATION
IF¢JJyNE,NSTEF) GEC TE€ 41

KP=KKMAX

KJsNNPLET

CENTINUE

CALL PHASE(1,4U)

CALL ADVANCE(KMED)

CALL UPLATZ

CALL PHASE(2,JJ)

CALL INTENS

CALL FOLLOW(DEFL)

PRINT 100,01¢1,NY2),7

FERMAT(* ON~AXIS INTENSITY =n,F15,11,» Zaw ,F10,3seKM*)

CALL QUTPUT (2,J4d40)
IFCABSF((SUMPFOWER)/FOGWER) ,LT+ECHNG) GO TO 11
NEUT=L

NXYS6

GE 16 6

CENTINUE

TEST COUNTER FOR PLBTTING
IF (KJ,NE,NNPLAT) GO TE 7
CALL GUTPUT(3,Jus2)

CALL GRAPH1(NFBCLS)
CALL BUTPUT (4,Jde0)
1F (NGUT,EQ,1) GO TE §

CALL SHIFT
CENTINUE

2 ITERATIGUNS ARE FINISFEL, [O@ FINAL GRAPHS
CENTINUE

cALL GRAPH2

CALL STUPPLOY

PRINT INPUT CATA AND SELECTEL QUTPUT (IN DUPLICATE)
CALL FINALS

STOP
END
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SUBROUTINE INFUT

DATA CARDS READ SHEULD CENTAIN THE FOLLOWING

CARD 1

HXsNY,HZ
D1AM

WN
F
zr

CARD 2

NX
NY
NSTEP
NPLOT
KGMAX
STARTT
STePP
LPLET

NFeCcuVs
NDIF

CARD 3

GAMMA
REFRAC

c
VZERE
POWER
THETA

CARD 4
PH20

P
OMEGA
ECHNG

RO
TEMP

CARD 5
NDEL

DELTA
NTAU

STEP SIZES IN THE X,Y»Z DIRECTIONS (DIMENSIANLESS)
FULL WICTF €F INITIAL GAUSSIAN PROFILE

€R DJAMFTER (Es*=2 PQWER) @F APERTURE (CM)
hAVE#NUVMBER OF LIGHT SBURCE (CM~1)

FOCAL LENCTH EF FOCUSSED BEAM (CM)

CISTANCE (KM) AT WHICH INTERACTIGN STOPS,

NUMRER €F MESK PEGINTS [N X DIRECT!ON

NUMBEFR €F MESK PEINTS [N Y DIRECTION

MUMBER GF ITERATIGNS T@ END OF RUN

NUMBER €¢F PLOTS

NUMBER €F MAX JNTENSITY CALCULATIONS

CISTANCE(IN KILEMETERS) AY WHICH PLOTTING STARTS
CISTANCE(IN KILEMETERS) AT WHICH PLBTTING STOPS

= 0 FOF GREUP PLOTTING

= { FOR SECUENT]AL PLOTTING

20 FOR FOCUSEL FLETTING

s1 FOR NON=-FOCUSSED PLOTTING 3

= 0 FOR CEMTRAL DIFFERENCE TRANSVERSE DISCRETIZATION
5 1 FOR GALERKIN METHOD WITH LINEAR SPLINE BASIS FOR
TRANSYERSE CISCRET]ZATION

RATIC GF SPECIFIC HEATS

FOLECLLAR REFRACTIVITY = ,154 CM3/GM,FOR AIR, AT 10,6
MICRENS

VELBCITY EF SEUNED CM/SEC

TRANSVERSE WIND VELOCITY (CM/SEC)

INPUT PEWER IN WATTS

ELEVATIEN ANGLE E&F BEAM (DEGREES)

PART]AL PRESSLRE GF WATER [N TORR

TOTAL AVMBIENT PRESSURE IN TORR

SLUING RATE IN RADIANS/SEC

ABSOLLTE MAGNITLEE OF RELATIVE CHANGE @F INTEGRATED
INTENS]ITY TE CALUSE RUN ABORY

AMBIENT DENSIYY, RHE (GM/CM3)

AMBIENT TEMPERAYURE IN DEGREES CENTIGRADE

SET =1 10 ENTER VALUE OF DELTA THAT FOLLOWS,
CECOLING PARAMETER (DIMENSIONLESS)
SET 31 T@ ENTER VALUE BF TAU THAT FOLLBWS,

20



TAV
NALPH
ALPHA
NBETA
HETA

CARD 6

(9] o e« e R Xy NaNel

CASE

CEMMON 71/ CC
CEMMEN 72/ F@

NRL REPORT 7706

NITREGGEN V=T RELAXATION TIME (SEC)

SET 34 T@ ENTER VALUE OF ALPHA THAT FOLLOWS,
TETAL ABSERPTIGN COEFFICIENT (CMel)

SET =34 7@ ENTER VALUE @F BETA THAT FOLLOWS,
FACTER EEFORE INTEGRAL ®F INTENSITY @VER WIND
CIRECTIEN IN SUBRBUTINE INDEX (DIMENS!ONLESS)

LASER TYPE

(61061),01(61,64),U(61,61,2),V(61:61,2)
RM1t2) ) FORM2(2)PLTRAT(200,3):QUMAX(200),QGMAX(200),

1 21¢200),ZM¢200)
CEMMEN /SINGLS/ AAA,ALFCEN,ALFSUM,ALPHA,RBB,RETA,BETAZ,C,CZERB,D,

CDD,DELTA,D!

NCENS ,NDEL ,N
NXY,NY,NYq,N

OVl BN

17,22
CEMMON/NNN/NF

AMECENG EEE,F,FL, F@CUS.GAMMA HX,HY yHZ  HZV ) HIX 1 HZY

TMAX 1G4 5T, dCMAX, SMAX, Kd,KKMAX , KP, KQHAX LPLOT, NALPH,NBETA,

LIF sNNPLOTINOLT,NPLET,NSTEP, NTAU, NXs NX1 ) NX2,
Y2,OMEGA,FFH2E,P1, PLTCAL,POWER, GMAX , REFRAC ,RA,ROZERD

,STARTI STEPP,SUM,S(M1,TAL, TEMP THETA,VZERG, W2, WIDTH, WN,Z,ZETA,

€cuys

CEMMAN /TYPE/ CASE(4)

BANK, (0}, /1/
READ 100,HX,H

YsHZ«CIAM pWN,F,27

100 FERMAT(BE10,3)

JSEQ=MPRISEQ(
CALL DATE(M@N
PRINT 101,JSE

1)
THyIDAY,IYEAR,JULTAY)
GyMONTH,ICAY,IYEAR

101 FERMAT(» SEQUENCE #084,8X,]2¢/%12%/%12/)

READ 200 ,NX,NY,NSTEP,NFLET,KCMAX,STARTT,STOPP,LPLBT,NFOCUS,NDIF

200 FCRMAT(blb,zE
PRINT 201sHX,

10, 3,2 I:)
KY, Hl.nxAv sWANIFs  NXINY NSTEP,NPLOT KQMAX ) LPLOTANDIF

201 FEGRMAT(4H Hx=E12,5/4F PY2E12,5/4H HZ=E12,5/6H D1AM=EL2,5/
14H leEzz*S/sh r=E12.5/ 4H NX=15/4H Ny=zl5/

17H NSTEP=

5/7h NPLET=15/7H KGMAX=]5/7H LPLOT=[5/6H NDIF=z15//)

PRINT 202,STARTT,STQGFP
502 FERMAT(19H PLETTING STARTS AT,F10,5,24H KILOMETERS AND STOPS AT,
1F10,5¢11H KJLEMETERS/)

READ 300,GAMMA REFFRAC,C,VZERE,PEWER, THETA
300 FERMAT(6EL0,3)
PRINT 301,GAMMA,REFRAC,C,VZERE,POWER, THETA

THETAETHETA# (3

141=926=4/1eo.

301 FERMAT(7H GAMMAzE1z,5/8H REFRAC=E12,5/3H C=E12,5/

17H VZERuU=zE12,

5/7H FOWER=EL12,5//7H THEYA £12,5/7)

READ 400,PH28,P,OMEGAECHNG,RE, TEMP

400 FERMAT(6EL0,3)
PRINT 401,PH2E,P+GMEGA,ECHNG RO, TEMP

40y FERMAT(6H PH2€3E312,5/3F P3E12,5/7H OMEGA=E12,5///,7H ECHNG=E12,5
1//% ROZERO=#E12,5//% TEMPs+E12,5//)

21
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READ %00 ,NDEL +DELTAJNTAU,TAU,NALPH,ALPHA,NBETA)BETA
500 FERMAT(4(15,E10,3))

READ 600,(CASE(]I) 1=1,4)
600 FERMAT(4AB)
PRINT 601, CASE
601 FERMAT(14H LASER TYPE} ,448)

RETURN
END
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SUBRGUTINE SETUP

SET FLAGS, CRLNTERS, INDICES, CENSTANTS, AND STEP S]ZES

CEMMAN 71/ CC(61,61),Q1(61,61),0U(61,61,2),V(61,61,2)
CEMMON /2/ FERM1(2),FORM2(2)sPLTRAT(200, 3)10JMAX(200),0GMAx(200),

1 21(200),2M(200)

CEMMEN /SINGLS/ AAA,ALFCEN,ALFSUM,ALPKA,BBB,BETA,BETAZ,C,CZERE,D,

DDD,DELTA,DIAM,ECFNG,EEE,F,FL, FOCUS, GAMMA, HX, HY \HZ , HZV , HZX , HZY,
IMAX, 18, 174 JCMAX s MAX, KJ s KKMAX,KP,KQGMAX,LPLOT, NALPH NBETA,
NCONS, NDEL sNCIF (NAPLOT)AGLT,NPLOT,NSTEP,NTAU, NX, NXLsNX2,
NXY ,NY NY1oNY2, ONEGA ,F 4 PH20,P1,PLTCAL POWER, OMAX, REFRAC) R@,REZERO
»STARTT,STOPP ,§UM,SUM1 2 TAL, TEMP, THETA, VZERO, W2, WIDTH, WN, 2, ZETA,
27122

CEMMEN/ABC/ACE1) B(61),E(61)

DATA (A261(,166666)),(E561(,6666666))(E261(,1666666))

OOV GNP

"TYPE INTEGWER FBRM1, FERM2

PARRAY PRUVITCES WORKING LOCATIENS FOR SYSTEM PLOTYTING ROUTINES
DIMENSION PARRAY(1000)

RANK, (G2, /17

INITIALIZE SYSTEM PLGTTER
CALL PLOTS(PARRAY,1000,1)

P1=3,1415926

=0,

ZETA=D,

22=0,

D=1,

FECUS=1,

17=1

16=1

NXY3q

NEUT=0

HZVEHZ

C2ERB=C

REZERO=RO

KPz=KKMAX

NX1=NXwl

NYi=NYel

NX2=NX/2+1
NY2=ENY/2+1
KKMAXZ(NSTEP-KEMAX)/KQMNAX+1
WIDTH=DIAM/(2,0#SGRT(2,0))
Wes wIDTH-NIDTH
FL=F/100000,
HhzHZ#W2+*WN/100000,
PLTCAL=1,

NNPLOT=NSTEP/(NPLET=1)~1
IF(STARTT,GT,0,0) ANFLET= ((STCPP STARTT)/HH)/(NPLOT=4)~1
Ky=NNPLOT=1
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4
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11
12
c
c
50
c
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CALL PLOT(,8,0,3)

CALCULATE COGLING FARAMEYERS IF NOGT READ [N
ALPHAZ ® ABSGRPTIGN CQ@EFFICIENT €F CO2

ALPHAZS
1 o,oo144~¢(295,/(273.0+TE~P))~*1,5)~(¢1o.)~'<-97o.o/(TEMPo273.)))
IF (NTAU,EQ,1) GO 10 1

TAU=1,/(30,0438,04FPH20)

1F (NALPHEQ,1) G@ TE 2
ALPHA=Z(4 ,32E=(11 }#FH2C*(P+493,%PH28) ¢ ALPHA2

IF (NDEL,EQ,1) GO T3 3
DELTAS(ALPHA2/ALPHA)#*2,44

PRINT 4, TAU,ALPHA,ALPFA2,TELTA
FERMAT(SH TAUsE(2,5/7H ALPKA=E12,5/8H ALPHAQ2=E12,5/7H DELTAZE12,53)

CALCULATE BETA

IF (NBETA,EQ,1) G@ T¢ 11

BETA = (GAMMA=1,)*ALPFASREFRAC#3,*POWER® (1,0E+007)sWIDTH*UN#KN
1/(C*C*VLERD) '

PRINT 12, BETA

FERMAT (6H BETAz E12,5///)

BEYAZSBETA

CALCULATE PESITIEN ANTC SI1ZE EF VACUUM BEAM WALST,
AND SIZE OF BEAM AT FECAL PEINT

ZWAISTEF /(1 oF¢F/(WNs WA K24K2))
DWAISTE(ZWAIST/(WNeW2))®*w2, +(1,«ZWAlST/Fyn(1,=ZWALIST/F)
DF=(F/(WN®W2))ee2,

PRINT 50,ZWAISY,DwAlST,DF

FERMAT(® ZWAISTx*Eq2,5/% D(WAIST)=#E12,5/% D(F)a+E12,5/)

SLPPLY TWO PRINTING FERMATS
FERM1¢1)= BH(40(1X,!
FERM1(2)3 3KH2))

FERM2(1)= BH(17(1X,F
FERM2(2)= 5H6,3))

RETURN
END
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SUBRGUTINE UPLATZ
UPDATE Z FOR EACH ITERATIEN

CEMMON /17 CC(61:61),01¢61,61),0L(64,61,2),V(61+64,2)
CEMMBN 72/ FORMYL(2),FBRMZ(2))PLTRAT(200,3),QJUMAX(200),QGMAX (200},

1 21€200),ZM(200)

CEMMON /SlNGLS/ AAAoALFCCN ALFSUM,A| PNA,BBR,BETA,BETAZ,C, CZERG,D,
DDD,DELYA,DUAM, ECENG,EEE,F,FL,FOCUS,GAMMA, HX HY , HZ ,HZV  HIX, HZY,
IHAX 1Q, IT JCMAX,,MAX, KJ,KKMAX,KP KQHAX LPL@T NALPH NBETYA,
hC@NS,NDEL NCIF o NAPLOY, NBLT,NPLET,NSTEP,NTAU,NX,NX12NX2,

NXY,NY, NY1.NY2.0NEGA F,FH2C,P1, PLYCAL POWER, OMAX REFRAC,RM,ROZERO
'SIﬂRTT.§TGPF,SUN SLM1,TAL, TENF THETA,VZERO,W2,WIDTH,WN,2, ZETA.
27,21

oW AGLNDE

BANK, (02, 71/

22=27+HL

FHRAT=F/(WN®W2)

ZETAZ(TANF (ZZ-ATANF(WNO®W2/F))+WN®W2/F )/ (g +WNSHNSW2SWR/(F*F))
z=ZETA~wN-H2/100000.

21=1,"100000,22/F

D3ZETARLETA«Z1+21

FECUS=SQRTF (L)

CALCULATE PRESSURES AND TEMPERATURES FOR SLANT BEAM PATH

1F (THETA,EQ,0,0) €€ TE€ 2

HEIGHT=Z ‘SINF(THETA)
PP3PeEXPF(=0,13sHEIGKT)

PPH20%PH2BeEXPF (=,54sHEIGHT)
v2290,0"6,5sHEIGHT

ALPHAle 44& Je((265,0/T)ew1,5)0((10,0)m2(=970,0/T))
ALPHA84132E 11tPPh2@‘(FP¢193.o-PPH?@)*ALPHAZ
RE = ROLERG-(,11E«2«FEIGKT

C=CZERG-400 O*HEIGKT

nELTAs(ALPHAZ/ALPHA)tz 44

TAUZ1,/¢(11,45+%, 11Ea4tPFH2@/PP)'(PP/T))
CENTINUE

TEST FOR END EF INTERACT!ON
1FCZ,LT,2T7) GE YO 4

BETA = 0

ALPHA=D,

pe 3 tll,Nx

DE 3 J=m1,NY

cC(l,J)%0, 0

RETURN
END

25
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SLBRAUTINE BEULNDS(KK)
ASSTGN BOUNCARY VALLES

CEMMAN /1/ CC(61461),Q1¢61,61),U(61,61,2),V(61,61,2)
CEMMAN /27 FERM1(2),FEBRM2(2),PLTRAT(200,3),QJMAX(2007,QAMAX(200),

1 21(2000,8M(2¢0)

CEMMON /SINGLS/ AAa, ALFCCN ALFSULM,ALPHA,RBB,BETA,BETAZ,C,CZERO,D,
CDD,DELTA,DIAM, Ec»wc EEE,F,FL,FBCUS, GAMMA HX,HY HZ,HZV, HZX,HZY.
IMAX 14, IT JCMAX..MAX. Ku.KKMAx KP, KQMAX LPL@T NALFH NBETA,
NCENS, NDEL, NE!F.NAPLOT NOLT, NPLGT*NSTEP o NTAU,NX, NX10NX2)

NXY, NY, NYl,kY?,OPEGA; »PH28,P1,PLTCAL,POKER, GMaX,REFRAC,R@,ROZERO
ySTARTT,STGPP,SUM,SLMY,TAL,TEMP, THETA, VZERO ) W2, WIDTH,WN, 2, ZETA,
LT,22

[e VRN N VY o

BANK,(0), /1/

Yz (NY2=1)9HY
DE 1 [®1,NX
UCTaNY, KK =g,
V(I:NY,KK)=Eg,
QICI,NY)=0,
CCCI,NY)=0,
CENTINUE

e 2 l'l,NX
V(I,1.KK)ZQ,
Ullr1.KK)SD,
CC(1;1)=01
GI¢1,1)50,
CENTINUE

DE 3 Jal,NY
U(NX'J.KK’=U|
V(NX,J.KK)=0.
CC(NX ) =0,

GI(NX,Jd2=0,
CCNTINUE

RETURN
END
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SUBROUTINE SKIFT
CEMMON /1/ CC(61161),Q01061,61),L(61,61:2),V(61+61,:2)
CEMMBN /2/ FERM1(2),FORM2(2),PLTRAT(200,3) 0JMAX(200),QQMAX(200),

1 21¢200),4M(200) .

CEMMEN /SINGLS/ AAA,ALFCEN,ALFSUM,ALPHA,RBB,BETA,BETAZ,C,C2ER®,D,
CDD)DELTA,DIAM,ECENC/EEE ) FoFL FOCUS, GAMMAJHX HY , HZ ) HZV  HZX ), HZY,
IMAX 10, 1T, JCMAX S MAX, KJ o KKMAX KP KQMAX,LPLOT,NALPH,NBETA,
NCONS ,NDEL ,NLIF o NNPLOT/NGLT,NPLET,NSTEP,NTAU,NX,NX13NX2)
NXY,NY,NYy{,NY2,OMEGA,F,PH26,P1,PLYCAL,POWER, QMAX,REFRAC,R0,RO2ERO
+STARTT,STEPP,SUM,SUM1,TAL,TEMP, THETA,VZERO, W2, WIDTH, WN,Z, ZETA,
27,22

OV AGNEL

BANK, (0, 71/

SHIFT ALL STERED AMPLITLDES BACK 8NE LG@CATIGN IN Z BEF@RE
PRECEEDING TE€ NEw 2-PEINT

DE 1 [=1,NX

DE 1 J=1,NY
UCTada L)Vl u,2)
VITadatdsVIT,u,2)
CENTINUE

RETURN
END

27
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FUNCTIAN VACAMP(X Y ,N)

CEMMON /17 CC(61+64),Q1¢61,64) )0L€61:64+2)9V(61161:2)

CEMMON /727 FORM102),FORM2(2)PLTRAT(200,3),QJMAX(200),0QMAX(200),
1 21¢200),2ZM(200) ‘
CEMMON /SINGLS/ AAA, ALFCEN,ALFSUM,ALPHA,BBB,BETA,BETAZ,C,CZERG,D,

DDDDDELTAID!AMnECFNGIEEE!F'FLJF@CUSUGAMMAIHXIHY:HZ;HZVIHZXIHZYI

FMAX, 10, 1T, JCMAX  MAX, K, KKMAX,KP ,KQMAX ,LPLOT ,NALPH,NBETA,

NCBNS,NDEL NCIFsNAPLBT )NOLT,NPLEBT,NSTEP,NTAU,NX,NX1,NX2,

MXY ,NY,NY1,NY2, OMEGA,F,PH2E,P1,PLTCALPOWER,GMAX,REFRAC,RM,RAZERG

i$1;RTI,sT@PP.sUM,sLm,uLnYEMP.THETA.VZERe.wz.uxDTH,wN.Z,ZEH.

1 22 :

O &GN =

BANK, (0), /1/

ARG IEXPF (w5 (XaXsYsY))/SGRTIF(P])
GE TO (1,2) N

VACAMP3ARG

GE Té 100

VACAMPaO,

CENTINUE

END

28



10

20
100

ol a G-

NRL REPORT 7706

FUNCTION ERF(A,N)

CEMMEN /SINGLS/ AAAJALFCEN,ALFSUM,ALPHA,RBB,BETA,BETAZ,C,C7ERA,D,
DDD,DELTAYDIAM,ECENC EEE,FsFL FECUS,GAMMA HX yHY ,HZ ,HZV  HIX,H2Y,
IMAX1Q, 1T, JCMAX  MAX, KunKKMAXnKP'KQMAXpLPL@TaNALPHnNQETAl
NCONS ,NDEL JNCIF NNPLOT NQLT  NPLAT,NSTEP,NTAU,NX ,NX1 NX2,
'hXYlNY0N710\72|@MEGA:F&PHZ@JF!lPLTCAL;PBNER.QMAX,REFRACoRQOR@ZER@
OS!ARTTUST@PFoSUHlSLHi'TALlTEMPlTHETAlVZERQIN?.WXDTHOWN}ZoZETln
1T 22

GE TG (10,20) N

ERF=1,0

GE Te 100

ERFSHZ/(HX*HX)

RETURN

END

29

A3T1TSSYTINN



100

PETER B. ULRICH

SULBROUTINE ACVANCE(N)

CEMMAN /1/ CC(61161),Q1(81,64),L(6%461:2),V(61461,2)

CEMMBN /2/ FERMILZ)Y s FERMZ(2))PLTRAT(200,3),QUMAX(200),QGMAX(200),
1 21€2007,4M(200) ‘
CEMMBON /SINGLS/ AAA)ALFCEN,ALFSUM,ALPHA,RBB,BETA,BETAZ,C,CZERO,D,

CDD:UFLTA:DIAN,ECFNG'EEEpr0FLoFGCUSnGAHMApHXpHYlHZtHZVIHZXoHZYl

IMAX,!U[ITQJCMAXDQMAX| KJ)KKMAXlKP'KQMAXILPLgTINALPHINBETAl

NCONS  NDEL (ACIF I NANPLGT (ABLT NPLET Y NSTEP (NTAU,NX (NXL1 i NX2,

NXY,NY,NYL{,NY2,BMEGA,T,PH26,PT1,PLYCAL,POWER,QMAX ,REFRAC,R0,ROZERD

s STARTT,STYPF , SUM,SLMq, TAL,TEMP, THETA,VZERD,W2,WIDTH,WN,Z,ZETA,

27,22
CEMMEN/ABC/ACE1)1BL69)0E(61)

CEMMAN/XY/DEF

DIMENS]UN CSR(61)2€51(61),0SR(61),D51¢(61)
DIMENSIUN DUfte1)sDV (&)

TYPE REAL IMMYq,IMMNY, IMMNX

O N HGNP

BANK,(0)s /1/

NX11=NX1e1
NY11=NY1~1

YzmHY® (NYZ2w1)+DEF
REMY1=ERF(Y,1)
Y=HY# (NY2=1)«LEF
REMNYSERF(Y,1)
XzHX# (NX=1)
REMNXZERF (X ,1)

GE T® (100,200) N
CENTINUE

CrannnurdsssusaCONSTANTSH s nnanvsntbsdtaninss

IMMNXZERF (X,2)
IMMNYs<ERF LY, 2)
IMMY1s=ERF(Y,2)
CRYSCRXZARY=ARXs1,/6,
IF(NDIF,EQ,0) CRY=CRX=ARY=zARX=0,0
BRYSRRX=2,/3,
IF(NDIF,EQ,0) BRYSERX=1,0
CIYSALYSHI/(2,%HY*}Y)
CIXSAIXS=MZ/(Z, ,oHX8HX)
RIY==HZ/(HY®KY)
RIXSHZ/(HXeHX)

Cres s s s s stk uB AN AR At s p N AR S SN AQUREB IR PSSR RB ke RN

2000

IF(NDIF,EQ,0) GO TE 2003
E(1)=1,/6,

DE 2001 I31,NX

DE 2000 JEL1,MNY
PLEYIZUCTSJ, 1)
BV(I=V(T,de1)

CALL MXTRID(NY,DU)

CALL MXTRID(NY,DV)

DE 2002 JE1.NY
LELads1)=DUCY)

30
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Vil Jd1)=DVLY)
CENTINUE
CENTINUE

Consusssdnsnsn

c

THIS 1S REGCIEN #ewy]ese J=z1,]=]

DiRSREMY41#U(1,1,1)=]VMMYLoV(1,1,1)+CRYSU(1,2,2)=ClY*V(1,;2,1)
D11=IMMYq#U(1s4,1)9REMYL*V(1,441)+CIY®U(4,2,1)*CRY®V(152:1)
BRIX=1,/ (BRX+ERX+BIX#BIX)

CSI(1)32,%(CIXx*BRX=CRXsBIX)#ERIX
CSR(1)32,*(CRX+BRX+CIXeBIX)*BRIX
DSR(1)3(D1ReBRX¢DL1«EIX)uBR]X

DSI1¢1)3(D1leARX~DIR"EIX)*BRIX

Cosnsunabetsn

o

2

THIS IS REGIEN #welvess J=1,]22,NX1

De 2 [=31,NX11

P=BRX=ARX®CSR(I)+AIXsCSI(])
Q=BIX=AJX*CSR(])=ARXeCSI(])

PG21,/(PsP+QsC)
DIPLIR=REMY1eU(1914191)=1FMYL8V(]31s1,1)+CRY=U(1+1,2,1)
1eClYsV(l+1,2,1)
DIPLISIMMY{wU(Te1s9,9)+REMY LoV I®1,1,1)+CIYsU(144,2,1)
1+CRY#V(]+1,2,1)

ReD]PLR+AIXs0SI(!)eARX*DSR(])
SsDIP1I=AIX#ESR(1)=-ARX*DSI(I])
CSR(I+1)=(CRX*P+CiXx*C)sPC

CSI(1+4)=(CIXsP=mCRY*G)sPC

CSR{1+1)=(RePe+Su)eP(

DSI1(1+4)=(SsP=ReD)P(

CENTINUE

Couvsoensnunsns

c

200°%

THIS 1S REGCIGEN #sslXssa J=1,]=NX ]
PAXREREMYL®UCNX108) mIVMMYI#VINX 219 1)4CRY*UINX,2,1)aClY*VINX22,1)
DNXI=IMMYL1wULRX, 1,4 J+REMYLAVINX 1,30 +CIY*U(NX,2,1)8CRY*VINX,2,1)
PSREMNX+AIXuCST(NXq)wARXSCSRINXY)

D= IMMNX=AIXsCSR{NX1)aARX*CSI(AXL)
PG31,/(PePsG»C)
R=DNXR*AIX*DSI(NX1)=ARX*TSR(AXY)
S=DNX]=AIX®DSRINX1)=ARXSEST(NAX1)
DUINX)E(R*P+S*C)*FQ
DV(NX)Z(SeFaR*G)*FQ
PE 3 J=1,NX1
NN=NXe]
DLANN)ZUSRINN)«CSR(NN)*DL(NNo1)*CST(NN)SDVINN+1)
DVI(NN)IZDSTU(NN)«CST(NNI*DL(AN®1)eCSRINN)«DVINN+1)
CENTINUE
IF(NDIF,EQ,1) GO TE 2004
DE 2005 1=1,NX1
UlI,1,2)=DU()
Vil,1,2)=DV(1)
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GE TO 2006
2004 CENTINUE
v(1,1,2)= 1666666‘LL(1)0|333333*DU(2)
V(1c1¢2)-!666666‘DV(1)‘ 333333+DV(2)
CE 33 I=2.NX1
UC191102)=,1666666%TLi(1=1)+,666666%DU(])e, 16666662DU(1+1)
33 V(1s122)7,1666665%LV(La1)e,666666*DV(])e,166666+DV(I+1)
2006 CENTINUE

Cruanssesssnias

c THIS IS RECICN “*Il“* W32,NYL , =1
DE 20 J=2.NY3
D1R=ARY#U(1,J=1,1)«BRYsU(1,Jd,1)+CRY0U(1,J+1,1)

1quY-v¢1.g-1.1)-BIth(1.4.1)-CIY#V¢1.Jt1;1)
D1I=ARY*V(1,J=1,1)+BRYsV(1, J;l)*CRYtV(ch*lcl)
1+A1YRUC1,J=1,1)4BIYRL(1,0sq)4CIYPUL],J+1)1)
DSR(1)=(DIR-BRX+D1!*EIX)'BRIX
DSI1(1)3(D1l=BRX~D1R*EIX)wBRIX

Crascnuberbuex
¢ THIS IS REGIEN %xelnuxs v=2.NY1, 1=2,NX1

PE 21 [®s1.NX11
Pz=BRX=ARX®CSR(1)*AIX»(CS
Q=BIX~AIX*CSR(1)~ARXeCS
PC=1,/7(PP+QeC)
DIPLREARYSU(To1,Jaq g)9BRYSUCTI+1sdy 1) +CRYSU(T o1, Jot,1)
1=AlY=sV(I+1,J=1, 1) EIYsV(I+1,0st)eClYsV(]*1,J%121)
Dlpll‘ARY‘V(1‘1nJ’101)*9RY‘V(101'J31)¢CRYtV(141,J¢1,1)
1+A1YSUCT+1,Umd g )0 YRl {T¢q,0a1)*ClY*Utleg,J*1,1)
RzDIPLR+AIXCSI(])«ARX*DSR(I)
S=DIPLI-AIX*CSR(ID)wARX*DSI(])
CSR(I+1)=(CRXP+CIXxnC)nPC

CSI(I+1)=(CIX»P-CRx#C)*PC

DSR(1+%)=(RwP+S#0)eP(

PSIC1+41)=(S*P-RxA)*P(

21 CEMTINUE

1¢1
I

CHrussmsshbsnsy
c THIS IS REGIEN #ew]]]xen J22iNYL, IzNX

EAXRZARY*®UUINX s Jol o1 )«BRYYUINX,J21)*CRY®UINX,J+1,1)
1=aATY*VINX2J=1a1)=BIY$VINX,J21)=ClY*VINX,J+1,1)
DAXI=ARY®VINX,Jnwl,1)+BRY®V(NX,J)1)#CRY®V(NX,Je1,1)
1+ATYSUINX p Jm1 et ) *BIYOUINX,Ja1)+CIY*UINX,J*1,1)
PsREMNX+A]IX»CSI(NXq)=ARX*CSR(NX1)
@z IMMNX=AIXeCSR(NX1)-ARX#CST(NX1)
PE=1,/(FPsP+Q=5)
R=DNXR+AIX*DSI(NX1)=ARX®LSR(NXL)
S=DNX1~AIX*DSR(NX1)=ARX®DSTI(AX1)
DUINX)S(ReF«+S*C)*FQ
DVINX)=(S*F-R*G)*FQ
DE $0 [=1.NX1

32



NRL REPORT 7706

NNSNX=]
BUCNN)SDSRINN)=CSR(NAN)I*DU(AN®1)+CST(NN)®DV(NN+1)
DVI(NN)SDSTUNN)=CST(NAYI*DL(NNe1)=CSR{NN)#DV(NN+1)
30 CEGNTINUE
JFC(NDIF,EG,1) GO TE€ 2007
D€ 2008 1’1 X1
U, Je22=DUC)
2008 V{l,J,2)=DV(])
6e 70 2909
2007 CENTINUE
U(1'J02>-1333333'DL(2)¢ 666666=0L(1)
viy, J:23=1333333‘Dv(2)o,666666#DV(1)
DE 34 1=2,NX1
UCT2d02)2,16666668TU(]=1)+,666666*DUC])+, 1666666»DU(1+1)
V(!pJ¢2)=11666666'EV(I 11+, 666666*DV(1)0,1666666tDV(1 )
34 CENTINUE
2009 CCNTINU&
20 CGNTINUE
Consannsnsains

c THIS 1S REGIEN *ssy]lssn JzNY, [s1

DIRSREMNYSUC1  NYs1)aIMMNY®V (L, NY, 1) #ARY*U(L ,NY=1,1)
1vAIYSV(1,NY~121)

D1l=IMHNYtU(1qNY01)*FEPNY*V(1:N 11Y#AYSU(L,MY=1,1)
1+ARY»V(1,NY=1,1)

NSI(4)=(DLI*«BRX=DiR*EIX)*BRIX
DSR(1)=(DLIR*EhX«D11*E X )»BRIX

Casesssnnnranss

c THIS 1S REGIEN sssysusy WENY, 1=22,NX1

DE 40 ls1,NX11
P=BRX-ARX#CSR(]1)*AIXeCSI(])
03BIX=A]X*CSR{1)~ARXsCSI(])
PR=l,/(P*P+QeG)

A DIP1R=REMNY#L(IQ1 ANY, 1>¥IM~NY*VGI*1.NY 1)+ARY#U(T1+41,NYel,1)
1;AlYtV¢I*1nNV-1n

DIPLISIMMNY =L (1+1, NY, 1)YREMNYSV(T1+4,NY,1)+AlYaU(l+1,NY=1,1)
1#ARYsV({]+1,NY=1,1)
R=DIPIR*AIXeDST(!)nARX*DSR(I)
S=DIP1l~AIX«DSR(I)=ARX*DSI(])
CSR(1+44)=(CRX*P+CIXx*C)*PC
CSI(1+1)=(CIX*P=CRYX®()sPC
DSR(1+1)=(RuPeSxQ)wP(
DS1(I1+1)=(SeP-ReQ)eP(
40 CENTINUE

Consssabssnsas
c THIS IS REGIEN wxsy]]l]lwess JENY, {=NX
DAXR=REMNY®U(NX NY, 1) =IMMNY*V(NX,NY, 1)*ARY*U(NX NY1,1)

LaATYRV{NXINYL1a1)
DAXT=IMMNYSULAX,NY, 1) +REMNY®V (KX NY 1) +ATY*U(NX,NYL,1)

33

d3TITSSYIIND



PETER B. ULRICH

1+ARY*V(NXaNY1,1)
PEREMNX*AIX*CST(NX1)=ARX*CSR(AX1)
Bz IMMNX=AIXsCSR(NX1)=»ARX*CS]{NX1)
PC21l,/(PsPsQeQ)
RxDNXR+AIXeDS] (NX1)2ARX*CSR(NX1)
SEDNX]=AIX$DSRINX1)=ARX®LSI(AX1)
DUINX)Rr(R*PaSsg)ePC
DVI(NX)e(S*PeR2()sPC
DE 50 1m1,NX1

NNeNXe=]
DL(NN)’USR «CSRINN)Y*DL (NN+1)+CST(NN)YSDV(NN+1)
DVI(NN)SDS]( »CST(NN)SDL(AN®1)eCSRINN)®DV(NN+q)

50 CENTINUE
IF(NDIF,EQ,1) G@ TE€ 2010
DE 2011 I®g,NX4
UCEaNY, 20800t D)

20141 VI NY, 2)mDV(])
GE TG 2012

2010 CENTINUE
UCLyNY,2)2,33333380(2)+,6666664DU(1)
VE1aNY 208 33333390V (2)+,666664+DV(1)
D6 35 1=2,NXxyg
UCTINY,2)3,1666666wDL (!
VII,NY,2)%,1666666eDv (]~

35 CENTINVE

2012 CENTINUE
66 Ye 1000

200 CENTINUE

ConnannnandsnsdsnbasssCONSTANTSvuvosnubsemnsnnrnnn

|

IMMNXZeERF (X ,2)

IMMNYEERF(Y,2)

IMMY1=ERF(Y,2)

CRYSCRX=ARYsARX=1,/6,

IF(NDJF,EQ,0) CRYSCRX=ARY=ARX=Z(0,0

BRYZBRX=22,/3,

IF(NDIF, EQ.o) BRY2ERX=1,40

CIY=AIY=-HZ/(¢.¢HYtHYD

CIXTAIXE®E HZ/{(Z,8HXsHX)

BlYz HZ/(HYsHY)

BIXS~HZ/(HX*HX)

CHessasdsbstabstssessatbssndd Ul aassdssvasnsnsess

IF(NDIF(EQ,0) G@& TE€ 2003
E(1)=1,/3,
De 3001 JE1,NY
pe 3000 I=31,NX
nu<1)=u<1.J.1>
3000 DV(IN=V(I,J,1)
CALL MXTRID(NX,DU)
CALL MXTRID(NX,DV)
DE 3002 121 ,NX

34

=1)4,666666*DU(1)e,166666664DU(1+1)
1)4,666666%DV(1)e,16666666%DV(]+
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UCTaJdet)=DUCT)
VELsJe12=DV(D)
CENTINUE
CENTINUE

Chrvkenpsdhnede

c

THIS 1S REGION #awy[ess 1%, Jsi

DIR=BRX™UCL,401)%2,%CRX*L(2,1,4)eBIXsv(1,1,)1)=2,«CIXeV(2,1,1)
D11=BIXsUl1,1. 1)*2.*C1X*L<2.1 1)*BRYX*V (1,1, 1)*2.‘CRX*V<2-1 1)
RR=REMY1%REMY1+]MMY1s]MMYY

CSR(1)=(CRY®REMY1+CIY*IMMY1)/RR
CSI1(1)3(ClYsREMYLeCRY®IMMYY)/RR
DSR(1)s(DiIR#REMYL+[11»IMMY1)/RR
DS1(1)3(Dil«REMY1=CiR*IMVMY1)/RR

Chnsenpsastbsis

c

500

THIS |S REGION sxw]lewe I=1, JE2,NY1

DE 500 J=1,NY11l

P=BRY=ARY*CSR(J)*ATYs*CSI(J)

0=BIY=ARY®CS!(J)~AJYsCSR(J)

PG=1,/(P»P+QeG)

DJP1R=BRX‘U(1 Je1s1)aBIX®V(1,J%121)+2,*CRX*U2)Js1,1)=2,+CIXnVi2,
1J+1,1) o
DJP11=81X‘U(1lJ'101)*BFX‘V(10J‘1I1’*2;*CIX*U‘Z;J*1;1)*2.OCRX‘V(20

1Jt1.1)

RsDJPLR=ARY*DSR(J)+A1YDEI(J)
S=DJPLI~ALYSTSR(JI=ARY*DST(J)
CSR(J+1)S(CRY*P+ClY#()*PC
CS1(J+1)=(CIY*P~CRY*5)*PC
DSR(J+1)=(RP+S«Q)wPC
DSI(J+1)=(S«P=R«Q)sPC
CENTINUE

Crossnnddbrsnds

c

334

THIS IS REGION weay]lesxs =21, JaNY

DNYR=BRX®U (L NY, 1) =BIX#V(1,NY,1)42,#CRX#U(2,NY 1) =2, 2CIXeV(2,NY,1)
DNYI=BIX*®UCL(NY (1) sBRX*V(1,NY 1) 42, #CIX*1J(2,NYs1)42 %CRX*V(2,NYs1)
P=REMNY= ARYoC‘R(NYl)*AIY*CSl(hYl)
Q= IMMNY = ARY:FS!(NY1)aAIY¢C‘R(hY1)
PG=1,/(PeP+(QsC)
R=DNYR-ARY#DSR(NY1)+A1Y*LSI(NYY)
S=DNY]=ARY*DSI(NY1)=A]Y*DSR(AYY)
DUCNY)2(ReP+S*G)»FQ
DV(NY)=(SeP-R*G)*PQ
DE 334 J=1,NY1
NN=NY=J
DUCNN)ZDUSR(NN) «CSR(NN)#DL(AN+1)+CSI(NN)#DV(NN+1)
DVI(NN)ZUST(NN)=CST(NN)sDL(NN*1)2CSR(NNI®DVINNe1)
CENTINUE

IF(NDIF,EQ,1) Ge T€ 3004

35

A3TIT$SYTAND



3005
3004

36
3006

PETER B. ULRICH

DE 3005 J=1,NYQ

L 1ede2)=DUCY)

V(4pJe2)=2DVY)

66 TO 3006

CENTINUE

UC191022=,166666%DL(2)+,666666=DU(1)
VE1r102)3,166666%DV(2)+,666666%DV (1)

DE 36 J=19NYY

UC1sJ02)3,16666663TU(Ja1)¢,666666%DUCJY®, 1666666%DU(J+Y)
V(11J02)5,1666666%LVIJ=1)+,6666669DV(J)+,1666666%DV(J+Y)
CENTINUE

CENTINUE

Coesasntunnnsss

¢

THIS IS REGION *saw]Vews 122,NX1, Jei

DE 4 [=32,NX1
D1RSARX#U(T=qs141)mAlXsV]al1,1,1)
1+BRX*U(],1,1)=BIXsy(1,1,1)
2+CRX*UCI+1,1,1)=CIxsy(1+1,1,1)
DiIsA[X*U(I=42141)+ARX*V(lw1s1,1)
1+BIX*UC1,1,1)+BRX*V(1,141)
2+CIXeUC]+1,1,1)+CRXsy{1+1,1,1)
DSR(1)=2(Di1R=REMY1+L1]*IMMY4)/RR
DSI(1)=(D1]+REMY1~C1R*IMMY1)/RR

Crasnsusnsrnuwin

c

5

THIS IS REGION #ex[%ss I122,NX1, J=22,NY1

NE 5 J=1,NY11
PzBRY~ARYSCSR{J)*AIY*CE1 ()
0=BlY=ARY®CSI(J)=A1Y+CSR(J)
PC=1,/(P*P+QeC)
DUPIR=ARX®U(I=1,J¢1,1)~AIXeVI»1,J*1,1)
1+BRX*UC],J*1,1)=BIXev(],J+1,1)
2+CRX*U(}+1,Js1,1)eCIXaV(leq,J+1,1) .
DJP1l=AlX*U(l=1,J41,1)¢ARXeV(In1,J*1,1)
1+BIXsU(],J*1,1)+BRX»V(1,J¢1,1)
2+CIXnUL o1, el 1) 4CRXBVITI+e,y+1, 1)
R=DQP1RvARY-DSR(J)wAIYtDSItJ)
S=DJP1I~AlY«DSR(J)=ARY*DSI(J}
CSR(J+1)=(CRY*P+CJY%C)»PC
CS1(J+1)=(ClY*P-CRY®()*PC
DSR{J+1)=(ReP+SxQ)sPC
DSI(J*+1)=2(SsP=-ReB)ePC
CENTINUE

Chrdbxvatebcbesrs

c

THIS |S REGION »swyrxs I122,NX1, JzNY

DAYR=ARX®U( a1, ,NY 1) =AIXaV(]=1,NY,1)
1+BRX#UC]yNY,  1)=BIXsV(I,NY,1)
2HCRX*UCI+1,NYs1)~CIXsV(]+1,NY, 1)

DNY1=AIX‘U(I!loNYll)’ARX'V‘I'llNY,i)
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14BIX®UCT,NY,1)+BRX#V(],NY,1)
2eCIX#UCI+1,NY 1)*CRXeV(Io1,NY 1)
P=REMNY = ARY#CSR(NY1)¢AIY*CSI(hY1)
Q= IMMNY=ARY#CST(NY{)=AlY#CSRINYZ)
PO=1,/(PePsQsC)
REDNYR=ARY*DSR(NY1)¢A]Y*EST(NYY)
S=DNYI=ARY®DSI(NY1)=aAlY*DSR(AYY1)
DU(NY)B(ReP+S*Q)*FQ
DV(NY)=(SeP=R*Q)*FQ
DE 300 Y=1,NY1
NN=NY=J
DUCNN)SDSRINN)=CSK(NN)#DL (NN+1)+CST(NN)eDV(NN+1)
DV(NN)SDST(NN)=CSI(NN)*DL(AN+1)=CSR(NN)#DVINNe1)
300 CENTINUE
IF(NDIF,EQ,1) G@ T€ 3007
pe 3008 el NY1
Utlrde22=DUty)
3008 V(1,Je2)2DV(J)
GE 16 3009
3007 CENTINUE
V(111,2)5,166666*DVv(2)+,66666680V (1)
U(19102)2,166666*DL(2)+,6666662DU(1)
De 37 Je1.NYQ
UCT0J02)=,16666660LU(J=1)+,666666%DU(J)+,1666666%DU(J+1)
VO 9J02)3,16666669TV(Je1)+,6666662DV(J)+,1666666%DV(J+1)
37 CENTINUE
3005 CENTINUE
4 CENTINUE

Corosenssnsrnnnx
c THIS 1S REGION »es]Xess 13NX, Jel

DlR=REMNX*U(NXnlol)'!MVNX*V(hXn1)1’OARX*U(NXioiai)ﬂAIX*V(NXi;l}l)
DLISIMMNX*U(NXe122)+REMNX#Y(NX, 1)L +AIX®U(NXL,1,1)4ARX®YV(NX1s1s1)
DSR(1)=(D1R«REMY1+L1]#IMMYL)/RR
DSI(1)s(D1I+REMY1=C1R*1MMY1)/RR

Corssasnnnsnshny
c THIS IS REGION #=sx]]lwws]lzNX, JEZ2,NYY

DE 60 J=1,NY11

P=BRY=ARYSCSR(J)+AIY#CSI ()

Rz=BIY=ARY*CSI(J)=AT1Y«CSR(J)

PGz1,/(PxPsQsi)

DJPlRlR&MNX‘U(NXDJii L) IMMNX RV INX ) Jol s 1) +ARXSU(NXL,J+1,1)
1eAlXeV(NX1,Jel1,1)

DJPLTZREMNXeV(NX (us1, 1)+ IMMNX#U(NX, Je1, 1)*ARX#V(NX1.J*101)
1¢AIXsU(NXL)Jsi,1)

RzDJPLR=ARY#DSR(J)+AT1YsDSI(J)
SsDJPLI~AJY#DSR(J)=ARY«DSI(J)

CSR(J*1)2(CRY*P+CIY®C)sPC

CS1(J*1)3(ClYsP=CRY®{ )P

DSR(J*1)s3(ReP+SxQ)sPC

DSI(J+4)=(S»R=ReQ)PC

60 CENTINUE
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Cresvnnssrnnsda
c THIS |S REGION ssxey]]lsas 1=NX, J=NY

DNYR=REMNX®UINX,NY, 1) IMMNX®V(NX NY 1) +ARX*U(NXL,NY, 1)
12AIXsYVINXLyNYs1)
DNYI=REMNX®YINX,NY, 1)+ IMMNX®L (NX,SNY L)+ ARX*VINXL1,NY, 1)
1¢AIXSUINXL,NY 1)
PaREMNY~ARY«CSR(NYq)+A1Y*CSI{NY1)
Gx IMMNY=ARY#CSI(NY1)=AlYeCSR(NYY)
PC21,/(P»P#Qs()
RaDNYR=ARY*DSR(NY1)+A[Y®CSI(AYY)
S=DNY]=ARY*DS](NY13)~AlY*DSR(AYY)
DVINY)Z(SePaR*()*FQ
DUCNY)IEB(RsP+S*Q)*FQ
DE 70 JE1.NY]
NNaNYm=J
DUCNN)SDSRUNN)mCSRI(NN)YSDL(NN#1)#CST(NN)#DV(NN+1)
DVINN)ZDST(NN)=CST(NN)*DL(NN+1)oCSR{NN)®DV(NN+1)
70 CENTINUE
IF(NDIF,EG,1) GO T€ 3010

DE 3011 J=1,AhYQ

VINX,Js2)2DUCY)

3011 VINX,J)2)2DVLY)

Ge Te 3p12
3010 CENTINUVE
UCNX,1,2)5,1666668LU(2)+,666666»DU(1)
VINX,1,2)3,166666*TV(2)+,666666%DV (1)
DE 38 J3i,NYY
USNX o) s2)3,16666668DL (Jm1)¢,666666%DU(J)»,1666666%DUCJ+1)
VINX,J,2)8,1666666+Dy(Jmq)s,6666668DV(J)e,1666666eDV(Js1)
38 CENTINUE
3012 CENTINUE
1000 CENTINUE
RETURN
END
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SUBROUTINE PHASE (N, Jo)

CEMMEN /1/ CC(61+61),G1(61,61),U61,61,2),V(61,61,2)
CEMMEN /2/ FERM1(2) ) FBRM2(2) ) PLTRAT(200,3),QJMAX(200},0GMAX(200),

1 2142000 ,4M(200)

CEMMAN /SINGLS/ AAA,ALFCEN,ALFSUM,ALPHA,BBB,BETA,BETAZ,C,CZERG,D,

Lo ML RV 7T V38 g

21,2L
BANK,(Qd)y 71/

CALL INBEX(N)

D6 1 I=m1,NX

06 1 J=31,NY
TEMPUZUCT ), N)
TEMPVEV(T,)J,N)

U Ly JeN)=TEMPL#CASF(CC

IF(N(NE,2) GE& TO 100

KIMAX=1

CIMAX=0,

DE 2 Js=1,NY
TFCQIC1,d) LT, CIMAX) GE TQ 2
CIMAX=QI(1,J)

KIMAXEY

CENTINUE
CCMAX=ABSF(CC(1,KINMAX+E))
PRINT 3,CCMAX,2

. (1,J))=TEMPV*SINF(C
VI JaN)=TEMPVSCOSF(CC(] 3 J) )+ TEMPUSSINF(C

CDD,DELTA)DIAMECKNE,EEE,FaFL,FOCUS,GAMMASHX, HY JHZ ) HZV, HZX 1 HZY,
IMAX, 1Q, 1T, JCMAX . MAX, Koy KKMAX ) KP ) KGMAX,LPLOT,NALPH,NBETA,
NCONS  NDEL NCIFaNAPLET,NOLT APLOT,NSTEP,NTAU,NX,NX1,NX2)

NXY ,NY,NY1,NY2,8MEGA,F,PH28,P1,PLTCAL,PAWER,QMAX,REFRAC,R8,RAZERG
)STARTT ,STUPP,SUM,SLMy s TAL, TEMP , THETA,VZERD, W2, WIDTH,WN,Z,2ETA,

(1,4))
(1,4))

FERMAT(#® MAXIMUM PRASE CHANGE=%,E12,5,% RADIANS,AT Z=%,E12,5) %KM*)

ZF=0,9%FL

IF¢Z,LT,ZF) GE Y0 10¢
JF(CCMAX,LT,0,5) GE TG 4100
H2zHZ/2,
NSTEPSNSTEP+2+(NSTEP-J,) /2
NNPLEBTaNSTEP/(NPLET=1)=1
CENTINUE

RETURN

END
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SUBROUTINE INITL (N)

CEMMBN /1/ CC(61.461),Q1(61,61),0(64,81,2),V(61,61,2) .
CEMMBON 72/ FERM1(2) FQRM2(2),PLTRAT(200,3),QJMAX(200) 00MAX(200),
1 21€2G02,4M(200) ‘ . . .
CEMMON /SINGLS/ AAA,ALFCEN,ALFSUM,ALPHA,BBB,BETA,BETAZ,C,CZERQ,D,
DDD,DELTA,DIAM,ECFNC ,EEE,F,FL,FOCUS,GAMMA,HX,HY,HZ,HZV,HZX,HZY,
xMAx,10,1+,JcMAx._MAx, KJ,KKMAX.KP,KQHAX.LPL@T.NALﬁu,NBETA.
NCONS,NDEL ,NCIF NAPLGT,NOLT,NPLET,NSTEP,NTAU,NX, NX1,NX2)
NXY,NY,NYq,NY2,OMEGA,F4PH2@,P1,PLTCAL,POWER,GMAX,REFRAC,R0,ROZERD
+STARTT,STEPFP,SUM,SLMy ) TAL, TEMP, THETA,VZERG, W2, WIDTH,NN,Z,ZETA,
iT,22

[ LS BN/ NG g

BANK,(0): /1/

=KX
DE 11 [=1,NX1
X=X*HX

Yz=(NY2=1)*HY
DE 11 J=2.Nvi
Y2Y+HY
IFCCTIal)e(l=1)o(JoNY2Z)e( =AY2),GT,400000) GO TO 100
V(I,aJr1)3VACAMP (XY, 2)
UG )Jal)SVACAMP(X,Y,1)
GE TO 200

100 LU(lsJel2=0,

CoV(ladatd=0,

200 CENTINUE

11 CeNTINUE
CALL BOUNDS(1)
RETURN
END
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"SUBROUTINE GRAPH1(NFECLS)

GRAPH1 PLOTS EQUI-INTENSITY CENTOURS AND BEAM PROFILE DURING Z{00OP

CEMMEN /1/ CC(61+61),01(61,61),)U(61,61:2),V(61161,2)

CEMMEN 72/ FBRM1{2))FORM2(2)PLTRAT(200,3),QJUMAX(200),Q0MAX(200),
1 21(200),2M(200)

CEMMON /SINGLS/ AAA,ALFCEN,ALFSUM,ALPHA,BBB,BETA,BETAZ,C,CZERO,D,
1 DDD,DELTA,DYAM,ECFNE,EEE,F,FL,FECUS,GAMMA HX,HY ,HZ,HZV,HZX,HZY,
2 IMAX,10,0iT,JCMAX UMAX, Kd,KKMAX , KP ,KQMAX,LPLOT,NALPH,NBETA,
3 NCONS,NDE| ,NCIF ¢ NNPLOT,NOLT,NPLOT ,NSTEP,NTAU,NX,NX1,NX2,

4 NXY,NY(NY1{,NY2,OMEGA,F,PH20,P1,PLTCAL,POWER,QMAX,REFRAC,R0,ROZERE
5 STARTT,ST@PP,SUM,SLM1,TAL,TEMP ,THETA,VZERD, W2, WIDTH,WN,Z,ZETA,

6 217,22

CEMMBN/XY/DEF

DIMENSION IMAGE(61,61),00(61),X0(61)
BANK, (0}, 71/

PLOY EQUI~INTENSITY CENTOURS IN X,Y SPACE
FECUSSSURTF (D)

FF=FOCUS
IF(NFOCUS,EQ 1) FFz1
DEFL=DEF#WIDTH#FOCLS
ONXENX

GNY=ZNY

0G=QANX/GNY
XIN28,0%FF »Q0

YINZ8, 0eFF

YMINSDEFL=(NY2=4)*nYoWIDTHeFECUS/FF

XMINz2g,0

H1YSNYSHYSW[DTHeFOCUS/(10,08FF)

HiXSNX*HXe¢WIDTHeFECUS/ (10, 08FF)

CALL T@P@@RAF(GI.G],,&J,,NX ,NY,i.,0.10,XIN,YIN,IMAGE,XMIN‘,Hi,XV.

1 4HF9,1,2HX ;=2,YMIN,H1Y,4KF9,1,3H Y ,3,2 ,PLTCAL,NXY,LPLET,PQUER,
2 FLoD JWIDTH,EMEGA,PF2C,VZERE,FF)

NXY=SNXY+1
PLTCALL =0,0

IF(LPLOT ,EQ, 0) €@ TE 3

GET PRGFILE ALGNG WINT THRGLGH CENTER @F BEAM AND PLOT
De 2 J=1,NY

0G(J)=01¢1,J )*POWERSEXPF («ALPHA*WN#W2%ZETA)/(W2#D)
XC(J)I={J=NY2)94,0* FF /(NY2=1)%4,0
CALL SCALE(QQ,NY:6,0 ,YMIN,DY,1:TKY)

XMINS» (NY2mq1)*#HY*W]DTH*FECLS/FF+DEF

DX=ABSF (XMINSCEFL)/5,
TKX=0,8
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CALL LINE(XQ,GO,NY,1,«1,0,035,0)
CALL AX]S(0,0s19HCISTANCE ALENG WIND,=19,8,0 ,0,0,TKX,

1XMIN,DX)4HF9,1)
CALL AXIS(0,0,24HINTENSITY AT BEAM CENTER,24,6,0 ,90,0,TKY

1}YMIN’DYQQRF9.1)
CALL PLOT{1g,5,01°3)

RE~INITIALIZE CQUNTER FBR PLETTING
KJz0

RETURN
END
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SUBROUTINE GRAPHZ
GRAPHZ DOES FINAL FLETTING AFTER Z~ITERATIONS ARE COMPLETED

CEMMON /1/ CC(61461),R1(61,61),U(61,61,2),V(61461,+2)
CEMMBN /2/ FRRMy(2),FERM2(2),PLTRAT(200,3),0JMAX(200),Q0MAX(200),

1 21(200),4M(200)

CEMMBN /SINGLS/ AAA, ALFCCN ALFSUM,ALPHA,BBB,BETA,BETAZC,C2ERG,D,
CDD,DELTA,DIAM, Ec»nc EEE,F,FL,FECUS, GAMMA Hx HY ,HZ ,HZV  HZX,HZY,
lMAx,Io,xT.JCMAx,,MAx. KJ,KKMAX KP,KGMAX,LPLOT, NALPH NBETA,
ncows.NuEL.Nclr.AAPL@1.keuT,NPLGT,NSTEP.NTAU.NX,Nx1;Nx2,

AXY, NY NY{,NY2,O0MEGA,FPH2E,P1PLTCAL,POWER,QMAX ,REFRAC,RO,ROZERE
+STARTT,STQPF,SUM,SUM1,TAL, TEMP, THETA,VZERO, W2, WIDTH, WN,Z,ZETA,
27,2

OV BN

INTEGER XFORM,YFORY
BANK, (02, 71/
PLOT MAXIMUM INTENSITY VS RANGE

1CQ=z1Q=1
QCMAX(1U)YE0,0 ,

CALL SCALE(QAMAX,IC , 7,0,YMINDY,1,TKY)

CALL SCALE(ZM,1Q ,8,0 2XMIN,DX,1,TKX)

XFORMETFQRMAT (XMIN,[X,8, ,TKX)

YFORM=IFORMAT (YMIN,LY,7,,TKY)

CALL LINECZM,GOMAX,1CQ,1,-1+4035:0)

CALL AXiS(o, 0.24HD!STAACE FREM LASER FACE,=24,8,0 40.0,TKX,
1 XMIN,DX,XF@RM)

CALL AXIS(D,0,37HMAXIMLM INTENSITY 17, 7,0:90.0,TKY,YMIN,DY,
1 YFGRM)

CALL PLUT(L0,5,0:°2)

PLOT DEFLECTIGN GF MAX INTENSITY POINT VS RANGE
SKIP THIS PLET IF BEAM STAYS AT BRIGIN

1F (BETA,EQ,0,0) GE T8 2
CALL SCALE(QJPAX Iy 7,0,YMIN, DY 1,TKY)
YFORM=IFORMAT (YM]IN,LY, 7.oTKY)
CALL LINE(ZwM, CJMAX.ICG 19210403540
CALL aX]S(e, 0:24HDISTANCE FREM LASER FACE,=24,8,0 ,0.,04TKX,
1 XMIN, DX, XF@RM)
CALL AXIS(0.0115HBEAP CEFLECTIBN; 15, 7,0,90,0,TKY,YMIN7DY,YFORM)
CALL PLUT(10,5,04-2)
CONTINUE

FLOT RATI® @F INTENSITY T& VAC,INT,==VS RANGE

CALL SCALE(ZI,100+s8, XMIN,DX,12TKX)

CALL SCALE(PLTRAT(!).400010.7.0.YM!N,DY¢1:TKY)
XFORM=TFORMAT (XMIN,CX,8, ,TKX)

YFORMa IFORMAT (YMIN,CY, 7..TKv>

CALL LINE(ZI, PLTRAth).IGG 1+09:¢08,1)

CALL LINECZ],PLTRAT(201),16G+1,5:,08,1)
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CALL LINE(Z],FLTRAT(401),16G,1,4,,08,1) _
CALL AXIS(D,0424HLISTANCE FREM LASER FACE,»24,8,0 ,0.,0,TKX,
1 XMIN,DX,XFORM) ‘
CALL AXIS(0,0,38HRATI@ OF INTENSITY TO VACUUM INTENSITY,38,7.0,
190,0,TKY, YMIN:DY YFORM)

CALL SYMBOL(7,0,6,5,0,08,0,0,~-1)

CALL SYMBBL(7,25+6,4475,0,105,3K0,9,0,3)
CALL SYMBOL(7,0,6+2,0:08,5,0,"1)

CALL SYMBBL(7,25:6,1475,0,105,3K0,5,0+3)
CALL SYMBOL(7,0,5,5,0,08,4,0,=1)

CALL SYMBBL(7,25:5,8475,0,105:3H0+1,0+3)
CALL PLOT(S,q ,go=1)

RETURN

END
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FUNCTIAN JFORMAT (YMIN,DY,KEIGKT,TICK)
SELECT APPROPRIATE FERMAT FGR THIS DATA

ENDTICKSYMINOLY*INTF{HEIGHT/TICK)
BIGSMAXIF(ABS(YMIN) ,ABSC(ENDTICK))
SMALL=DY

CALL NORMAL (SMALL,IEXF)

CALL NORMAL (BIG.NEXP)

1F (1EXP,LT,=3) GB Te 14

IF (NEXP,GE,4) GO T0 14

IF (IEXP) 12,11,11

NE DECIMAL
1CEC=0
JRANGEs2+NEXP
Ge 70 13

WITH DECIMAL

ICECs~1EXP

IRANGE=SJDEC+3

IF (NEXP,GE,0) IRANGE=IRANGESNEXP

CENSTRUCT FORMAY

ICEC=jDEC*Bung
IRANGE®]JRANGE#8##12
IFBRMAT=4HFg,0,0R,IDEC,OR, IRANGE
RETURN

IFORMATEAHES, 1

RETURN

END
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SUBROUTINE NORMAL (ARG, lEXF)

NGRMAL TAKES ANY NUMEER, ARG, AND NGRMAL1ZES IT, lE, CONVERTS 17
TC THE FORM, ARG*10*slEXP, WHERE 1,LE,ARG,LT,10,

SIGN = 1,0

1EXP = 0

1IF (ARG) 6,5,1

S‘GN ] ’1!0

ARG s =ARG

IF (ARG « 10,0) 2,4,4
IF (ARG = 4,0) 3.5,5
ARG = ARG%1p,0

1EXP = JEXP » ¢

GE T6 1

ARG = ARG/10,0C

1IEXP = [EXP » 1

Ge Te 1

ARG =2 S]GN®ARG
RETURN

END
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1IMAGE ) XMIN, DX XFORVAT, XLABEL ) NCX s YMIN, DY, YFORMAT, YLABEL +NCYZ PP,
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SUBROUTINE TEFRGRAF (T NXD,NYL,NX,NY,F1,DELF,NC,XINCHES,YINCHES,

ONXY ) LPLOT  POWER,FL,DL ) WIC Tk EMEGA,PH20,VZERD,FF)

ITITSSYIOND

TEPUGRAF DRAWS A TEPEGRAPHICAL PLOT OF THE VALUES IN AN NX BY NY ARRAY, F,
DIMENSTGNED FINXD AYX), LSING SUBROUTINE CONTOUR,

CENTBURS WILL RE LRAWN FER NC VALUES @F F, AT Fq,FewDELF .o sFi=(N=4)DELF
OR, JF UELF=zg, THE REUTINE WILL CALCULATE THE MaAXIMUM AND MINIMUM VALUES
@F F AND DRAW NC CENTGLRS RETWEEN THEM,

XINCHES = GRAFK LENGTH IN INCKES, YINCHES = GRAPH HEIGHT IN INCHES,

IMAGE = NX&NY SYOGRAGE LOCATIENS FOR USE BY CONTAUR,

XMIN = 1ST XeVALUE, [X ® X=VALUE INCREMENT, XFORMAT = FERMAT FOR X-VALUES,
XLABEL = NCX HELLERITH CHFARACTERS TO LABEL THE X=AXIS,

YVMIN, DY, YFGRMAT, YLABEL, NCY PROVILE cORRESPANDING VALUES FOR Y~AXIS,

DIMENSTON T(AXE,NYL)
DIMENSTIUN XQFF(g)s YEFF (&)

FECUS=SORTF(CL)Y

XEFF (1)=XOFF(4)22,5
XEFF(2)=X0FF(5)=9,0
XCFF(S)EXOFF(6)215,5
YEFF(1)=YQFF ()= YEFF (3)=3,0
YEFF(4)sYOFF(5)zYEFF(6)322,0
X1=XINCHES

YI=YINCHES

DXT=DX

DYT=DY ,

IF (DELF,NE,0) GO 10 6

DETERMINE HIGREST VALUE IN ARRAY FOGR {ST CONTGUR, AND DECREMENT, DF
T¢ GIVE DESIRED NUVMBER OF CENTCURS BETWEEN HIGHEST AND LOWESY
VALUES, WHEN CELF 1S NET GIVEN

FMIN & FMAX = T(1,1)

DE 5 lag,NX

DE 5 Js1,NY

IF (T(1,Jd) = FMIN) 2,5,3
FMIN = TC(1,0)

GE TO 5

IF (TClsJ) » FMAX) 5,5,4
FMAX 3 T([,J)

CENTINUE

DF = (FMAX = FMIN)/NC
FLEVEL = FMAX

GE TO 7

FLEVEL 3 F4
DF = DELF

DRAW NC CONTAURS. EECINNING WITH THE FLEVEL VALUE

DE 1 }a3i,NC
CALL CONTOUR (T,NXE,/NYD)NX,NY,FLEVEL, XINCHES,YINCHES ) IMAGE,NXY)
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1LPLET)
FLEVEL = FLEVEL * CF

IF(LPLOT,EQ,1) GO TO 600

X123 ,5+XOFF (NXY)

X23X140,3

X3ax1+4,0

Y122,0¢YOFF (NXY)

¥Y22Y3ny}

GE TO 601

X1s1,0

x2=21,3

x3=2,0

Y1aY23Y3=9,0

EX=X1/10,

EY=Y[/40,

CALL AXISC(0,0/YLABEL,NCY,Y?,80,,EY)YMIN,DYT,YFORMAY)
CALL AXISCO0,0sXLABEL NCX X1 50,0,EXsXMIN,DXT XFORMAT)
CENTINUE

IF(LPLOT,EQ,0) GO TO 603

66 TO 402

CONTINUE

¥YS=24 54 YAFF (NXY)

XS24,54X0OFF (NXY)

CALL SYMBOL(XS,Y5,,070,3,0:0,~1)

CENTINUE

CALL SYMBOL( X1, Y1,,105,2w2%,0,0,2)

CALL NUMBER( X2, Y2:,105+2+0¢044HF7 &)
CALL SYMBBL( X3, Y3¥,,105,2KKM,0,0,2)
IF(PPEQ,0,0) GO TE€ 20

CALL SYMBOL(1,0,8,75,,10%,86KPCWER®:0,0+6)
CALL NUMBER(1,8,8,75,,10%,POWER,0,0,5NF410,4)
CALL SYMBOLI(3,0.81¢7%::10%,5HWATTS,0,0¢5)
CALL SYMBOL(1,048:50,:105,2KHF8,0,002)
IF(FL,BT,1,0E*050) GE TO 110 _

CALL NUMBER(1,3,8,%,,105,FL40,0,4HF7,3)
CALL SYMBOL(2,0¢8:%0,¢10%5,2RKM104022)

66 70 210 _ '
CALL SYMBOL(1,3,8,%0,,105,8KINFINITY,0,0,8)
CENTINUE

CENTINUE

CALL SYMBOL(1,0,8,0,,105,6KW]DTHE,0,0,6)
CALL NUMBER(1,8,8,01,305:WIDTH, 0401 4HF7,3)
CALL SYMBOL(2,8:8,0,,405,2KCV,0,0,2)
lF(PP'EQ|2l0, Ge T¢ 22

CALL SYMBOL(1,0¢7¢%:,105,6NEMEBA®,0,0,6)
CALL NUMBER(1,8,7,5,,305/0MEGA,(,014HF7,3)
CALL SYMBOL(2,8,75:,105,7KRAD/SEC,0,0,7)
CALL SYMBOL(1,047:25,4109,8HFH209,0,0:5)
CALL NUMBER(1,747:25,,105,PH20,0,0+4HF7,3)
CALL SYMBOL(2,5,7,25,,108,4HTERR,040,4)
CALL SYMBOL(1:04740s420546-V2ERD®,0,0,6)
CALL NUMBER(1,7.7.02,105)V2ZERG,Q,014HF9,3)
CALL SYMB@L(2,8,7:0,,105,6KC¥/SEC,0,0,86)
GE TO 20 ‘
CALL SYMBOL(1,0:7¢5,,105,10KVACUUM RUN,0,04+10)
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CENTINUE
JIF(LPLBT EQ,1) GO T8 700

IF (NXY, E016) G® T@ 460

XNEW=Q,

CALL PLOT (XNEW,0,e3)

66 Te 40y

CALL PLOT(25,0,0¢93)

Gé To 401

CENTINUE

Plued, 0eFF «4.0

P2-04,0-FF *4,0

CALL SYMBOL(P1,P14,070,3,0,0s°%)
CALL svna@L<P1.P2..o7o.3.o 0reg)
CALL SYMBOL(P2,P24,070,3:0:0s°1)
CALL SYMB@L(PZ.Pic.07o.3,o 0ret)
CALL PLOT(10,5,00°3)

CENTINUE

RETURN

END
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SUBROUTINE CENTQUR (T, NXC,NYC,NX NY,FLEVEL)XINCHES, YINCHES, IMAGE,
INXY,LPLOT)

DIMENSION T(NXD,NYE), IMAGE(NXD,NYD)
DIMENSION XOFF(300),Y@FF(100)
EGUIVALENCE (CXCo ICX0)y (CYOD,ICYO), (CX,I1CX),(CY,ICY)

c CENTOUR DUES INVERSE DEUBLE INTERPOLATION ON A 2«DIMENSIONAL ARRAY, F(X,Y)
c WHEN CALLED W]TH A GIVEN FLEVEL VALUE, IT RETURNS AFTER HWAVING PLGTTED
¢ A SET OF CONTEUR LINES, WHERE F ® FLEVEL, ON A GRAPH XINCHES LANG,
c AND YINCHES MHIGH,
¢ NXD AND NYD SPECIFY YHE SI2E @F ARRAY T GJVEN IN THE DIMENSION
¢ STATEMENT, WWILE NX ANC NY DEFINE THE AMOUNT @F ARRAY T ACTUALLY
¢ USED,
XEFF(1)%XOFF(4)82,5%
XEFF (2)®XOFF (5)39,0

XEFF(3)BXOFF (613515 ,5
YCFF(L)SYOFF (2)sYEFF (3)83,0
YEFF(4)SYOFF(5)sYOFF (6)8e2,0
JUP®Q
XFACTOR & X]NCHES/(NX%ol)
YFACTOR & YINCHES/(NYs1)
IF(LPLOT,NE,1) GO T8 400
XEFF (NXY)RYOFF (NXY)mg,

400 CENTINUE
ONXBNX
GNYENY
QCEANY/QNX
XSHIFTEXOFF(NXY)*4,0eXINCHES*#Q0/2,0
YSHIFTuYBFF(NXY)*4, 0eYINCHES/2,0

c LEAD IMAGE ARRAY

DE 2 JY=i,NY

D& 2 IXmi,Nx

IF (TCIX,1Y),GE,FLEVEL) GO TE 4
IMAGE(IX,]Y) 5 et

6E 16 2
1 IMAGECIX,1Y) = 3
2 CENTINUE
¢ SCAN IMAGE FBR THE 1§T PEINT @F A REGJON
1YSTART = ¢

3 DE 4 JYSIYSTART,NY

DE 4 [X=®1,NX

1F (IMAGEC(IX,1Y),EG,1) GE€ T€ 5
4 CENTINUE

RETURN

c LIFT PEN AND BRING T€ STARTING PEINT, AND SKIRT THE REGIAON FOUND,

5 JYSTART = [y
IF (1Y,E0,4) Go Te 6
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1F (IMAGEC(IX,]Yel),EC,0) GE Y€ 8

CYD & ([Y=1=(TC]X, IY) FLEVELYZ(T(IX, lY)-T(IX;lY-l)))*YFACTOR
66 TG 7

cY0 = 0

X0 s ([X=1)+xFACTER

CXNBCXO+XSHIFT

CYORCYN+YSHIFT

CALL PLUT (CX0,CY0,3)

INOUYT 3 2

Ge Te 20

START AN INNER B@UNDARY

INOUT = %

CX0 3 (IX»2)sXFACTER

CYRE( Y24 (T (IXwt sl Yel)eFLEVEL)/(TUIXwg,IYwa)-T(IXme,IY)))nYPACTOR
CXORCXQ*XSHIFT

CYOZCYD#YSHIFY

CALL PLOT (CX0,CY0,3)

GE TG 20

SKIRT DJRECTIEN IS ALWAYS COUNTER«CLOCKWISE FOR AN EXTERNAL BOUNDARY,
AND CLOCKWISE FER AN INTERNAL B@UNDARY (1E, THE INSIDE GF THE REGION
1S ALWAYS TQ TWE LEFY €F TKE SKIRT DIRECTION,

PESITIVE X=CRESSING

CX = (IXwl)sXFACTER

1FCIY,EQ,NY) GO TG 1%

CY & (IYelo(T(IXsIY)oFLEVEL)/ZC(TCIXa1Y) » TUIX,1Ye1)))*YFACTOR

GE TE 12

CY 5 (NY=l)sYFACTER

CENTINUE

CYRCY+YSHIFT

CX3CX+XSHIFT

CALL PLOT(CX,CY,2)

IF (CX,NE,CXxQ) GO 1€ 16

YGAP = ABSF(CY « CY0)

IF (YGAP,LT,,004) GG TE 3

IF (1%X,EQ,NX) G& TE€ 40

IF (TCIX+1,1Y) « FLEVEL) 40,13,13
IF (1Y,EQ,NY) G TEc 34

IF (T(IXe1,1Y%1) » FLEVEL) 14,15,15
IX & [Xeg

6E TG 10

IX 2 [Xeg

1Y = IYey

6E TO 20

PESITIVE Ym=CRESSING

IF (I1X,EQ,1) G& Te 2 _
CX = (IXwlwl(T(IX,[Y) = FLEVEL)/(T(IXsIY) = TCIX=1,1Y)))*XFACTER

6¢ T6 22

cx = 0

CY = (1Yal)eYFACTER

CYSCY+YSHIFT

CXSCXSXSHIFT

CALL PLOT(CX,CY,2)
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DE 26 I=IX,NX
1IF (IMAGECI,1Y),LT,1) GO T& 28
IMAGE(I,1Y) = g

IF (1Y,EQ,NY) G@ T¢ 10

IF (TCIX,1Y+1) « FLEVEL) 10,23,23
1F (I1X,&0Q,1) GO T& 24

1F (TCIX=1,1Y%1) = FLEVEL) 24,25,25
1Yy = JY + ¢

GE TO 20

IX 3 [Xmt

1Y = [Yeq

GE TO 30

NEGATIVE X=CRESSIMG

— — —f -

CX 3 (IX<i)#XFACTER

IF (1Y,EQ,1) GO TE 31

CY = (1Yelm(TCIXa1Y) & FLEVEL)Z(TCIX, 1Y) = TCIX,1Yw1)))sYFACTAR
GE TO 32 ‘
cY 3 0

CENTINUE

CXECX4XSHIFT

CYSCY#YSHIFT

CALL PLOT(CX,CY,2)

IF (CX,NE,CX0) GO 70 33
IF (CY,EQ,CYQ) GO T8 3

IF (IX,EQ,1) GO TE€ 20

IF (T¢IXe1,1Y) = FLEVEL) 20,34,34
IF (1Y,EQ,4) G@ TE 3%

IF (T(IX=1,1Y=-1) » FLEVEL) 35,36,36
IX 3 [Xeg

GE Te 30

1X 8 [Xe1

1y s jY=1

GE T 40

NEGAT]VE YsCRESSING

€Y = (I1Y=1)#YFACTGR

IF C(IX,EQNX) G@ T€ 41 _
EX = (IXedo(TCIXs[Y) & FLEVEL)/Z(T(IX,1Y) » TCIXe1,1Y)))eXFACTEOR
GE TO 42

CX & (NX=-1)#XFACTOR

CENTINUE

CX2CX+XSHIFT

CY=CY+YSHIFT

CALL PLOT(CX,CY,2)

IF (1Y,EQ 1) GG T@ 3¢

1F (TCIX,]Y=1) » FLEVEL) 30,43,43
IF (IX,EQNX) GE& T€ 44

IF (T(IXxel,]¥=1) « FLEVEL) 44,45,45
1Y & ]Ywmy

56 T6 40
IX = [X+1
IY 3 [Ye1
GE Te 10

END
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SUBROUTINE INLEX (KK)

MY I AR X R RN RN R PR R R S R R S R R R AR R RS YRR S R AR RS R AR R R R 0]

c
¢
¢
c
c
c

n H

THIS RUUTINE INTEGRATES TWE LGCAL INTENSITY FR@M INFINITY UP

18 THE PQ!NT X,Y ALENG THE Y (WIND) DIRECTION FOR A GAS WHICH IS
BEING HEATEC AND CEELED BY THE LIGHT BEAM, AND MULTIPLIES THE
RESULT BY CGNSY TE GIVE THE INDEX CHANGE AT EACH PAINT IN

THE TRANSVERSE PLANE, TWE RESULTS ARE STORED IN ARRAY CC(1,J)

“.“.“‘..“..“i‘0““"#“‘tt““.“t‘t'#t#i#titt‘tt.t"t‘t*i.ﬁtﬁl“

COMMON /4/ CC(61:61),01(61,61),V(61,64,2),V(61,61,2)

CEMMBN 72/ FBRMy(2),FORM2(2),PLTRAT(200,3),QJMAX(200),00MAX(200),
4 21(€200),4M(200)

CEMMON /SINGLS/ AAA,ALFCEN,ALFSUM,A| PHA,BBB,BETA,BETAZ,C,CZERG,D)

{ CDD,DELTA,DJAM, ECPNC EEE,F,FL,FOCUS,GAMMA , HX ,HY , HZ ,HZV  HZIX H2ZY,

2 IMAX,1GQ, IT.JCMAXy MAX, Ky KKMAX ,KP,KQMAX,LPLOT, NALPH NBETA,

3 NCGONS,NDEL,NCIF,NNPLOT,NBLT, NPL@T NSTEP NTAU,NX,NX1:NX2,

4 NXY,NY NYL,NY2,OMEGA ,F,PH20,P1,PLTCAL,POWER,QMAX,REFRAC,R?,RAZERD
] oSTARTT STQPP,SUM, SLM1.7AL T&MP THETA,VZEROD,W2,WIDTH,WN,Z, zETA.

6 2%7,2¢

CGMM@NIXY/DEF

DIMENSIGN A(61),B(¢&l)
BANK, (0), /1/

ARGEW[DTHYFOCUS/(TAUS (VZERG*EMEGAPZETA®W2#WN))

CENSTRBETASEXPF (sWhN®W2¢ALPRASZETA)/ (4, +OMEGA®WNwW2wZETA/VZERD)
GE T6 (3,9) Kk

ZP=ZZ¢HZ/2.

Ge T 5

IPaZZ=H1/2,

FHATSF/(WN®W2)

ZETB2(TANF (ZR=ATANF (WN®W2/F))SWNSKH2/F )/ (1, +UNsWN*H2sUW2/ (FoF))
2BaZETH#WNeW?2

- 21834, =ZB/F

PB3ZETReZETBeZ1B* 218

FECYSB=SORTF(LRB)

CENSTBaBETAEXPF (»WNsW2#A PHA®2ETB)/ (1, MEGA-NNthtlETB/VZERG)
ceNST-.125-H2-¢c@NSTaFGCLS¢CGNSTB ecuss

EXSEXPF (=ARGeNY)

WLZ3HZ/4,

DE 1 I=1,NX

Xs(fe1)#HX

Y3 (NY2®1)eHY

YaYsDEF

CCllal)mm(XuXdYaYe2Z )upD2

UV2RU(T )2 )KKISU (T 42, KK)*Y (1,2 KK)*V(],2,KK)
UVLBUCT o1 ) KKYSU (T s g ) KKI®V(T 1, KK)®V(],1,KK)
A(2)m«CONSTesHY»g,5# (LV1¢LV2)
B(2)a+CONST#DEL TA®( ,SurYs(LVZ+EXPF{nARGeHY)sUV])
Yze(NY2®2)wHY

YsY¢DEF

CC(Ll,42)%A(2)4B(2)e(XoXsYaYn2,)sHD2Z
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DE 1 J=d,NYY

YEZu (NY2"J)) ®HY

YsYeDEF

UVJR (UL s Ja KK #U O], 0, KKISVIT U KK) V], JyKK))
UVJLZtUCT e ot a KKI L (T ) g p KK #V(T ) Jmg s KKISV(] ) Jmg KK))
A(J)SA(Y"L)~CENSTSEY#0,5%(LVysUVIL)

BlJYzE (=l ) wEX*CONSTSDELTA®Q,S2HY» UV JsUVJLInEX)
CCClod)BA(J)I+BLJIm(XnXsY Y2, )*HEZ

CENTINUE

RETURN
END
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SLRROUTINE INTENS

IGATE = 1 FOR 1ST CALL, BEFGRE Z ITERATIGONS
JGATE = 2 DURING 2«]TERATIGNS, TQ SKIP PLOTTING
I[GATE a 2 DURINC 2=]TERATIGAS, Y0 DO PLOTTING

CEMMON /1/ CC(61+61),01(€1,61),U(61,64,2),V(61,61,2)
CEMMEN 72/ F@RM1(2).F@RMZ(Z)oPLTRAT(2OO 3)1QUMAX(200),0GMAX(208)),

1 21€200),2M4€200)

CEMMON /SINGLS/ AAA.ALFCGN ALFSUM,ALPHA,RBB,BETA,BETAZ;C,CZERG,D,

CDD,DELTA,DIAM,ECKNG,EEE,F,FL,FOCUS, GAMMA HX HY,HZ,HZV, HZX.”ZY:
lMAx 19, lT JCMAX.UMAX. Ky, KKMAX ,KP,KQMAX, LPL@T NALPH NBETA,
NCONS,NDEL (NCIFsNNPLEBY)NGLT, NPL@T*NSTEP yNTAU,NX,NX1.N X2,
NXY, NY NYl,kYz,GMEG‘,F PH2&,P1,PLTCALPOWER, QMAX REFRAC.RO ROZER®
1STARTT,STQPP,SUM,SLM1,TAL,TEMP, THETA,VZEROG,W2,WIDTH, WNYZ,2ZETA,
722

CEMMBN /REL/ CONMIN(G),AREA(9),SUMA(9)

DATA (lGATEs=y)

OMasGN -

BANK,(Q), /1/

GE€ TO (100,1) IGATE

THIS SECTION CALCULATES THE INTENSITY AT ALL MESH POINTS
IT 1S DGNE ONCE, AT FIRSY INTENS CALL

GMAX=(Q

DE 102 J=1,NY

DE 102 1s1,NX
GICT,UdeUll, Jat et dad) oV
IFCAQLCL ) 4 GY,QMAX) QNAX2C]
CENTINUE

pe 103 21,9

CENMINC]) = (101071040

GE To 7

o )'V(IaJ-l)

CALCULATE INTENSITIES (ALL SUBSEQUENT CALLS TRANSFER HERE)
IF (KP,EQ KKMAX ,OR K, ,EQ,NANPLBT) [GATE=J

FACTOR FOR SHRINKING COERCINATE SYSTEM

Fe=D

DE S Jal,NY

DB 3 =1,NX

GICL, 0y =UC1,d,e2)0Ut],ds2)8V(]10d2)eV(],d.2)

GE T@ (7,7,4) 1GATE

CALCULATE MAXIMUM INTENS]ITIES FGR PLOTTING
GMAX=QCMAX=0

TE 6 Jsl,NY

1IF(QI¢L+J) LE,GCMAX) GE TG 5

GCMAXZQ(1,J)

JCMAX=aJ

DE 6 [=1,NX

IF¢QI¢1,J) ,LE, OMAX) CO TG 6
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AMAX2QICT4J)
IMAXS®]
JMAXEY

6 CENTINUE

c CALCULATE THE T@TAL INTEGRATED [NTENS]TY

7 SUMs0
pe 8 [=%,9
8 SUMA(]) = AREA(]) = ¢

c CALCULATE SuM F@R ENERGY CENSERVATION TEST AND QUTPUT
DE 12 I=1,NX
DE 12 Jmi,NY
TWOR2,0
1F(1,EGy4) TWEaL,0 '
TEMPLsHX*HY
TEMPZIP@NEROOI(llJ)'TEVPi
SUMRSUMSTEMP2sTWO
66 TO (9,12,9) IGATE

c PROCESS DATA FGR INTENSITY PLETS

9 TS=QI1(1,J)/QMAX
1IF(TS L71 0,1) GE TO 12
pe 11 Klia
JIF(TS LT, CONMIN(K)) GE€ TO 14
DE 10 LEK,9
SUMA(L)BSUMALL)*TENPZ#THE

10 AREA(L)SAREA(L)+TEVPLeTHE
Ge 76 12

11 CENTINUE

12 CENTINUE

c SKIP THIS SECTIGN LNLESS DEING PLOTS
66 T6 (13,24,14) |GATE

13 SUM1 = SUM
SUMAF = F2 =3 ZW2WNF = 1,0
11=d
Z1(3) = 0
Ge 18 15
14 CENTINUE
SUMAFREXPF ({«ALPKA®KNeW2#ZETA)
11 = [0}
2i(11)nZ
PRINY 160
160 FERMAT(#® 4poqtatetatatntatotrbatnintrdntudndrtctrivtntatotobatatns
1!"‘?0-*q0u0'0-0"w‘—#g‘qto#c*qi.0-0-#«0.6.0-0-0-#-0'#v0q¢-010-‘)
PRINT 161,2
1614 FERMAT(//* RANGE®#,F10,3:,% KILGMETERS*//)
1% PRINT 16
16 PERMAT(1HOSCONMIN®IXwAVGINT#11X4AREA®L1XwVACINT#11XeVAREASBX
1%RATIOw]#6XsRAT]DeA»)

De 20 l=4,9
SUMAC]) = SUMA(I)I¥SUNMAF
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AREA(])EAREA(])oW2eF2
AVGINTSSUMA(T)ZAREA(T])
VACINTEPOWER® (1 ,#CENMINCT) )/ (PIW2* OGF (4,/CONMIN(T))*D)
LREXPF (mALPHASKNW24ZETA)
VAREA ® P]ew2s(GGF(1,0/CENMIN(T))*D
RAT]GJ®AVGINT/VACINT
RATIQARAREA(T)/VAREA
PRINT 47, CONMINCI)AVGINT,AREA(Y),VACINT,VAREA,RATIO[iRATIOA
FGRMAT(1X,F6,4, 4515,,,2r13 6)
1F (1,NE,3) Ge TO 48
PLTRAT(I114) & RATIO!
6¢ T0 29
IF (1,NE,5) GE 10O 19
PLTRAT(11,2) s RATIG!
Ge TO 20
IF (1,NE,9) GE 10 20
PLTRAT(IX 3) s RAT!O1
CENTINUE

PRINT 23
FERMAT (/)

GE TO (22,24,25) ICGATE

CENT INUE

PRINT 23, SuM

FERMAT(30H INITIAL INTEGRATEL INTENSITY3E15,8,6H WATTS/)
66 T0 2%

CENTINUE
IGATE = 2

RETURN
END
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SUBRAUTINE QUTPUT (11,.4JsKK)

o 11 DENOTES THE TYPE €F OLTPLTY Y@ BE GENERATED BY THIS SUBRAUTINE
c [1=21 GIVES AMPLITLDE PRINTOUT (ARRAY U,V) ‘
c 1122 STORES PLETTING CATA AT ALTERNATE JJ STEPS,; AND G]VES PEAK
c INTENSITY, CENTRAL BEAM DEFLECTION, GSN, AND REL! PRINTOUT
c EVERY XKKMAX«TH CALL,
o 11=3 GIVES DENSITY CHANGE, PHASE, AND AMPLITUDE PRINTOUT,
c I1z4 GIVES NGRMALTZED INTENS]ITY PRINTOUT AFTER =[NTENSITY PLOT
o Jy IS THE MAJN PREGCRAM ZnITERAT]ON IN8EX
c KK ]S THE LAST ARRAY CELUMN IN AMPLITUDE PRINTOUT, U,V(],J,KK},
c KK SHAULD =9 ®R 2 FER Ilsq, AND 33 FQR Il=3y
CEMMEN /1/ CC(61161),01061,61),U(61,6142),V(61161:2) )
CEMMAN /2/ FERM4(2),FERM2(¢2) ,PLTRAT(200,3)10UMAXC200),QCMAX(200),
1 216200),4M(2C0) _ )
CEMMON /SINGLS/ AAA,ALFCEN,ALFSUM,ALPHA,BBB,BETA,BETAZ,C,CZERE,D,
1 DDD,DELTA,DIAM,ECFNG EEE,F FL,FOCUS,GAMMAJHX,HY , HZ, HZV ) HZX , HZY,
2 IMAX, 10, 1T, JCMAX, MAX, K KKMAX , KP , KQMAX ,LPLOT ,NALPH NBETA,
3 NCONSH)NDEL NCIFINAPLOTNOUT,NPLEOTINSTEP,NTAU,NX,NX1,NX2,
& NXY,NY,NYL,NY2,OMEGA,P)PH2C,P1 PLTCALPOWER,QMaX,REFRAC,RO,ROZERE
5 ySTARTT,ST@PF,SUM,SLML,TAL,TEVMP, THETA,VZERD W2, WIDTH,WN,Z,ZETA,
6 27,22
CEMMBN /XY/ CEF
CEMMEBN /PEAKS/ QQGMAX,RUNPF,ZPP
c DIMENSIONED ARRAYS
c ARCT rBLDS PRASE [NFERMATIGN
v DENS ARRAY CENTAINING DENSITY CHANGES
c NO | STORES A ROk BF NGORMALIZED INTENSITIES FOR PRINTOUT
DIMENSIUN ARCT(61),DENS(61,61),N01(61)
BANK,(0), /1/
NX3233$
GE TG (10,20,30,40), Il
¢ PRINT AMPLITUDES

10 Jisi
11 PRINT 12,2
12 FERMAT(BHLU AT Z2£12,5)
PRINT FORM2, ((U(T vy skK) 121 ,AX3,2))J5d1,NY)
PRINT 13,2
13 FERMAT(BHLV AT Z3E12,5)
PRINT FORM2, ((V(1agoKK) o124 )MX342) 0 daJ1,NY)
AZIWIDTH*FOCUSHY
PRINT 49,Z,A2
45 FERMAT(*OINTENSITY V&€ R AT ZusF10,3s AT INTERVALS OF#F40,3eCMs)
PRINT 50,(01€1,J) s aNY2)NY)
50 FERMAT(7(1X,F15,11))
IFCIT,NE,1) GE TO 28
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DE 17 N=1,2

YeaNY2%HY

DE 14 K=1,NY

YsYsHY

X#aMX

NE 14 J=1,NX

X3XeHX

DENS(JyKISVACAMPIX,Y,N)

GE TO (18,19) N

CENTINUE

PRINT 19,4

FERMAT (%1 UANALYTIC AT Z=eE12,5)
GE TG® 2000

CENTINUE

PRINT 16,2

FERMAT (%4 V ANALYTIC AT 2=¢Eq2,5)
CENTINUE

PRINT FURM2, ((DENS(J,K)pJs1:AX32) K= NY)
CENTINUE

RETURN

STORE PLOTTING DATA AT ALTERNATE STEPS (JJ 0DD)

CENTINUE
CALCULATE AND PLOT MAXIMULM INTENSITY EVERY KKMAX STEPS

IF(KP,EQ,KKMAX,BR,KJ,EC NNPLET) GO TO 22

Ge Te 28

KP=0

PRINT 23,SUM

FERMAT(® INTEGRATEL INTENSITY =#,E45,8,» WATTS*)
SUM2 & ABSF((SUM*SLM1)/SLM1)

PRINT 24, SuUMZ

FERMAT(1X,*DELTA«E/Ea%E12,9)

MAXIMUM INTENSITY ANL BEAM DEFLECTION CALCULATIGN

OMEQT(IMAX, JMAX) QT (IMAX,, JVAX-T)

QF=Ql CIMAX, JMAX)»GQT (IMAX, JVMAX+1)

GCMAX(IW)BQI CIMAX aMAX)®n,125%(QFP«AM)Rw2/(QP+QM)
AGMAX(IQ)SQQMAX(IC)*FEUWERNEXPF (wALPHA®WN»W28ZETAY/(W24D)
Z2M(lQ)=2

PRINT 25,00MAX(]1Q)

FERMAT(* PEAK INTEASITYZ#,E812,5,;% WATTS/SQeCM»)

OP=QI (L) JCMAX) =] (1o CMAX+Y)

Q20T (1L JEMAX ) Qg ) CVAXRY)
SUMAXEJUCMAX«(GMaQP)/(2,"(QMsCP))
QuMAX{TW)IZ((SUMAXwg | YhkYw(NY2m1)*HY)*SQRT(D)*WIDTH&DEF*WIDTHsFOCUS
NCAMAX3QI (1, JCMAX Y40 ,125%(QP«QMI®*2/(QP«QM)
QCAMAXSQAUMAXSPEWERSEXFF (= ALPHARKN*W2#ZETA)/(W22D)

RUNPP WILL STERE PEAK PEWER FOR RUN
1F(JJ +EQ, 1) RUNPF=CQCMAX

1F (GOUMAX ,LE, RUNPP) GE T@ 27
RUNPPZQUAMAX

59

GITITSSYIONN



27
26

160

40

2B

41
42

43
44

45
46

PETER B. ULRICH

ZPPs7

CENTINUE

PRINT 26,000MAX

FERMAT(* CENTRAL PEAK INTENSITY®S*,E12,5,% WATTS/SQuCM»)

PRINT 160

F@RMAT(‘ drptutatvbadetatototadtebtotetodnbntvintnjotadndwiatobobatad

1-0-0.0-0-0-0.0.0-0.#.0.6-0-0-0-0-¢.§-tq+—0n+-0-0-0-0m0-*-‘-410-‘)
1621054

RETURN

Z¢Ma2
PRINT AMPLITUDES ANL RETURNM

Jiml

GE T6 11

NGRMALIZE ALL INTENSITIES T@ MAX GN A SCALE OF 0 TO 10, AND PRINT

PRINT 41,2

FERMAT (16HLIANTENSITY AT 22 £12,5)

PRINTY 42

FERMAT (12H X3450,Ya,50, 90X,9MX20,Yse50 /)

CE 44 JE1,NY

DE 43 1m4,40

NGI(T1) ® XFIXF(10,#Q1(1sJ)70MAX)
PRINT FURML, (NQl(1),1:4,40)

PRINT 45

FERMAT (12H Xza50,Y3450, 90X,9HX50,Y5450 /)

IF (NOUT,EQ,1) PRINT 46,2

FERMAT (38H ENERGY CHANGES TE® LARGE, ABORT AT Z= E42,5,3H KM //)

RETURN
END
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SUBROUTINE FELLOW(LEFL)

CEMMBN /17 CC(61+61),01(61,61),L(61,61,2),V(61:61,2)

CEMMON /2/ FERM{(2),FORM2(2) ,PLTRAT(200,3),QJMAX(200),0GMAX(200),
1 21(200),2ZM(200) .
CEMMEN /SINGLS/ AAAZALFCEN,ALFSUM,ALPHA,RBB,BETA,BETAZ C,CTERD,D,
1 CDD,DELTA)DIAM,ECFNG,EEE,F ) FL,FOCUS,GAMMA, HX ,HY s HZ  HIV  HZX  HZY,
2 TMAX 10, 1T JCMAX U MAX, Ky KKMAX , KP ,KQMAX,LPLOT ,NALPHNBETA,
3 NCONS,NDEL (NCIFsNNPLBT)NOLT,NPLOT,NSTEP,NTAU,NX,NX1,NX2)
4 NXY,NY NYL KNY2,OMEGA,P,PH2C,P1,PLTCAL,POWER,QMAX,REFRAC,RA,ROZERD
) ’SI‘RTIOSTBPFISUFOSLnilYALOTEMPlTHETAlszRGINQDNIDTHINNIZIZETAI
6 27,21
CEMMEN/XY/DEF

BANK,(0), 71/

JCENMENY?2

CMAXED,

DE 1 J®1,NY
IFCQIC1)J)LE,CMAX) GO TE ¢
CHAX2GQL (1) V)

JCENMEY

CONTINVE

IF (JCENM ,GE,AY2e1) GE 70 10
IF (JCENM ,LE NY2a1) GE TO 14
GE YO 12
CENTINUE
DE 3100 l=1,NX
DE 100 v=1,NVY1
Qlel,J)mQl(],y*1)

CC (1,J28CC (],J*1)

DE 100 K=1,2
UlladaK)BUL],ue1.K)

VI JoXK)aVt],y214K)
CENTINUE
JMAXBUMAX®Y
JCMAXSJUMAX =]
GE T8 13

CENTINUE

DE 200 lai,NX
D€ 200 J®1.NY1

JyaNYsis)
QItI,JJd)=@I(1,JJel)
€C (1,JJ)3CC (1,Jus}])

DE 200 K=i1,2 .

UGl JdaKIBU( T Jd"l1,K)

V 1o JJ KISV (T aJJ sl sK)
CENTINUE

JMAX 3 JMAX 1
JCMAXEJCHAX e1

GEé 70 15

CENTINUE
DEFL=DEFL+HYshIDTKsFECLS
GE T 14

CENTINUE
DEFLeDEP L wHYeh IDTheFECLS
CENTINUE
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PRINT 400,DEFL,2
400 FERMAT(® DEFLECYIEN3%,EL12,5,9CM AT Z 3#,F10,3,% KM»)
12 CENTINUE

CEFsDEFL/(WIDTHeFECUS)

CALL BOUNDS(2)

RETURN

END

SLBROUTINE MXTRID(N,E)
CEMMEN/ABC/ZALEL) «B(61),0¢61)
DIMENSION D(61),CS(61),DS(61)
€S(1)=sC(1)/8(1)
PS(1)=D(1)/B(1)
DE 1 K=2,N
BBaB(K)=»A(K<1)¥CS(keq)
CS(KY=C(K) /BB

1 PDS(K)z(D(K)=A(K»1)n[IS(Kw1))/BB
D{N)=DS(N)
Ni=Nm3
DE 2 L=1,N}
KaN=|

2 D(K)zDS(K)wCS(K)*D(Kel)
RETURN
END
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SUBROUTINE FINALS

PRINT JNPUT DATA AND SELECYEC GUTPUT (IN DUPLICATE)

COMMON /SINGLS/ AAA,ALFCCN ALFSUM, A PHA,RBB,RETA,BETAZ,C,CZERQ,D,
1 DDD,DELTA,D1AM,ECHNG,EEE,F,FL, F@CUS GAMMA.HX,HY HZ, sz.Hzx.sz.
2 IMAX,!Q,IT JCHAXnuMAX. KJ)KKMAX, KP,KQMAX,LPLOT, NALPH,NBETA,
3 hC@NS.NDEL NCIF o NNPLOT NBLT NPLOT, NSTEP NTAU,NX,NX1,NX2,

4 NXY,NY, NY1,NY2,0MEGA,F PH2€,P1,PLTCAL, P@NER GMAX,REFRAC,RM,REZERE
5 ,SIARTI STOPF,SUM,SLM4,TAL,TEMP, THETA,VZERO, W2, WIDTH,WN,2Z,ZETA,
6 27,22

CEMMEN/NNN/NFECUS

CGMMON/XY/DEF

CEMMON /TYPE/ CASE(4)

COMMBN /PEAKS/ QOGFMAX,RUNPP,2PP

COMMBN /REL/ CONMIN(S),AREA(S),SUMA(9)

PRINT 28

FERMAT(1HL)

De 66 M=1,2

PRINT 3p,CASE,DJAM

P@RMAT(ZX'*‘QOX.ZAE, Xi**/15X:48X02A8//15X 9X«INPUT DATA*25X
1 “DIAMSFEs Cpw)

TS1sF/100,/1852,

TS52=POWER/1000,

PRINT 32,FL,7S1,HX,NX,TS52

FERMAT(15X,45X#FOCLSuF5 4% KM#/15X,3X8CARD 1%14XeCARD 2%96X,F14,2
1 % NAUT MIw/iBXSHX*F7,2, 11 XsNX#]7)16X*POWER®F9, 2% KWn)

TS13(VZERD/100,/18%2,)%3600,

PRINT 34,HY,NY,VZEROQ,HZV,NSTEP,TS1

FERMAT(A5X®HY*F7,2,14XoNY*17,16XsWINDUF7% CM/SECH/15X*MZF11,6,7Xy
1 *NSTEPw]d4,16X,F11,1,% KTSe)

TS120MEGA*1000,

TS22ALLPHA®100000,

FRINT 36,D1AM NPLET, TSt ,WN,KGMAX,TS?2

CRHAT(15X'DIAM-F4t CM'9X-NPLOT*13017X'SLUING¢F40 MRAD/SECw/45¥%, =W
AINSF10,2%/CMeSXsKQAMAX ][4, 4OXRALPHAXF S, 20 /KM2)

TS1s '10.*AL6610¢EXPF(-ALPHA'100000 ))

PRINT 38,F,STARTT,7S1,27,STePP, LPL@T NFQCUS,NDIF

FERMAT (15X‘F*F10‘ CP*éXiSYARTT‘FS.Z' KMo 1{X* OSS«F7,2« DB/KMs/
1 A5XAZTwP 7,2 KMs@XaSTOPPuF&, 2% KMw/15X,20XsLPLOT#]13/15%, 20X
2 *NFOCUS®I2/35X*NLIF*14)

TS150QQMAX/1000,

PRINT 40,7S1,6AMMA,REFRAC,PH26,CZERG,P

FQRMAT(15X.3X*CARU 3‘36X*ICP(F)‘F8 JIeKW/CM2a/15XwGAMMARFS 1, {3X
4 %CARD 4%/15X¢REFRAC*F6,30CMI/GMu2X*PHR2O%F7,41* TERR¥/15X*CeF1y
2 #CM/SEC#2XeP+FB8,1X¢TCRRS)

TS1STHETA®(180,/P1)

PRINY 42,VZERE,@MEGA,PEWER,ECHNG, TSy ,ROZERD
FGRHAT(15X*VZER@‘F6#CM/SEC‘SX*@FEGA:F& 3« RAD/SECs/15X*FOWERsFA
1 @ w-sx-ECHNGch.z,14x-tIMEhSIONLESS~/15X‘THETA-F5 1#DEGs7XsRB

2 F11,9¢GM/CM3«15XsPARAMETERS In)

PRINT 43,TEMP,BETAZ

FERMAT(35X #TEMP oF5,4% LCEG CENT#/66X#BETA%F9,2)

TS13OMEGASF/VZER®

1S25ALPHASF

PRINT 44, TS4,NDEL,CASE(4),CASE(2),T7S2

FGRMAT(15X,3X#CARD 5¢14XsCARD &%16X,40HOMEGA*F/VQ,F9,5/
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1 1S5X®NDEL®]4,12X#CASEL #2A8,6X,7HALPHASF,F9,6)
TS4=WIDTH/F
TS2=WN*WIDTH
TSI=RETAZSF/WIDTH
PRINT 46,DELTA,CASE(2),CASE(4),TSLINTAU,TS2,7AU,TS3
46 F‘CRMAT(15XtDFLTA‘F7.3:8X1248o16X‘A/F"710 8/15X‘NTAU*!4 44X,
1 3HK®AF9,2/15X*TAUNFG 3% SECH7XsRUN QUALITY WAS*OX,B8NBETA*F/A,
2 F9)
TSLEBETAZ*F/(wNeW2)
TS2sF/(WNaW2)
PRINT 48,NALPH,YS1,ALPRA ,TS2 .
48 FERMAT(15X*NALPH #12,17X*JUDGED TG BEJ*4X,43HBETAF/(KeA2),F9,8/
1 15X*ALPHAF41,8%/CMeiX*CONTEURS ¢+ ¢ = nes 9X,8MF/(K#*A2),F9,5)
TSLSALPHA®WN®K2
PRINT 50,NBETA,TS1,8ETAZ
50 FERMAT(15XNBETA* [, q2X#, ANE V ¢+ & = -ew?X,10HALPRASKA2,F9,5/
1 I5X*BETA*F9,2//)
PRINT 5¢
52 FERMAT(15XwCONTOURKEX# 1 ROX*AWEX# ] (VAC) *IX®A(VAC)#3Xe ] (REL)#3X
1 *A(HEL)*)
SLMRAT=(Q
DE 56 ]=2,8,3
JE10+=]
AVGINT2SUMA(J)I/ZAREA ()
VACINTSPOWERS (1 ,»CENVINCY) )/ (PI®WRSLOGF (1 ,/CONMIN(J)I*D)«EXPF(wALP
1 HA®WNwW2=2ETA)
VAREA=P[#W2+| EGF(1,/CONMIN(J) )]
RATIGISAVGINT/VACINT
SUMRATESUMRATSRATIC]
RAT]OASAREA(J)/VAREA
PRINT 54,CONMINCJ) ,AVGINT , AREA(J) VACINT,VAREA)RATIOLI,RATIOA
54 FERMAT(15XF5,1,F12,2,F10,2+F9,24F9,2,F8,3,F9,3)
56 CENTINUE
AVGRAT=SUMRAT/I,
TS1EQUAMAX/1000,
TS2=(POWER/ 1000, )*EXFF(»ALPHA®KN*W2%ZETA)/(PI#(F/(WN*WIDTH))*%2)
TS3s751/782
TS4=z «10,%ALEGIQ(TSI)
TS5z 40, *ALEG10¢AVGRAT)
PRINT 58,AVGRAT,TS¢,752,7S2,754,7SS
58 FERMAT(15X,45%,F8,3//15XeW1Tk RLEOMING ICP(F) =#FB8,3s KW/CM24/{5X
1 sWHILE IN VACLUUM 1Y I1SeF9,3 « KW/CM21 I(REL) =#F6,3/
2 15X,28XsDBLESS ssF7,3* TEsF7,3/)
TS12RUNPP/1000,
TS25 (RUNPP/QAGCMAX®1,)%100,
TS$3=2(1,22FPP/FL Y100,
TS4sDEF*UW][DTHeFECLS
TS53(TS4/(Z+400000.))*1000,
PRINY 60,7S1,7S2/2ZPP,TS3,784,7S5
60 FERMAT(15X,13Xxs] PEAK FOWER =#F7,3% KW/CM2 (*F4,9% 0/0 ABOVE ICP(F
19)#/15X712XsCCCURS AT PP 3#F7,3% Kys5Xe(aFd,1* 0/0 BEFORE F)e/
2 415X, 159X*DEFLECTIEN =#F7,3% CMueSXs(eF6,38 MRAD)»//15X*COMMENTS | =
I /1717
IF(NDIF ,EQ, ) 61,62
61 PRINT 615
615 FERMAT(62X® [MPLICIT, CLA®)
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GE TO 63

PRINT 625

FERMAT(62X#[MPLICIT, SFLINESH)

JSEQ=MPRISEQ(1)

CALL DATE(MONTH,IDAY,IYEAR,JLLDAY)

PRINY 64,JSEG,MENTE,IDAY,]YEAR

FERMAT (15X, 47X+SECLENCE %04/15X,47X#DATE#5X, 129/
120/%]12/15%,47%RUN TIVE 1%//1/)

CENTINUE

RETURN
END
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